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LEITZ EXCLUSIVE: the only quality microscope 


that combines these important features... 


1. Single-knob focusing combines coarse and fine focusing 
for faster, more convenient operation...saves time... 
simplifies your microscope studies...lets you work in 
greater comfort and ease. 


2. The world’s finest optics... high precision construction 
...the most exacting operation —all in a moderately 
priced instrument. 


3. Accepts all standard slide sizes. Mechanical stage accepts 
both 3” x 1” and 8” x 2” slides. 


4. Retractable spring-load mounts on high-powered objec- 
- tives provide positive protection against damage to slide 
or front lens. 


5. Anti-reflection coating on tubes and optics throughout. 
6. Extra-wide objective magnification range 45-1250x. 
7. 


Monocular or binocular bedy rotatable 360° with one- 
step locking at any point. 


8. Variety of mechanical stages available. 
9 


« Selection of attachable illuminators, interchangeable 
with mirror. 


10. Wide-field or high-eyepoint eyepieces (for wearers of 
glasses) available at slight extra cost. 


BINOCULAR MEDICAL AND LABORATORY MICRO. HH. Contour-fitted carrying case protects microscope. 
SCOPE SM. Equipped with inclined binocular body; 

mechanical stage; two-lens condenser with swing-out upper Of 
element and iris diaphragm; quadruple nosepiece; mirror 

and fork. Optical outfit with achromats 3.5x, 10x, and 45x GET ALL THE FACTS oe .WRITE FOR LITERATURE eee 
and 100x oil immersion with spring-loaded mounts plus 


10x eyepieces. for full information on all the important new features and | An 
conveniences built into the latest SM microscope. 


of 

MONOCULAR MEDICAL 
MONOCULAR MEDICAL FILL OUT COUPON...MAIL TODAY! - 
MICROSCOPE SM. Same as 
inclined lar tube. If 1 | 
Geaired, monocular microscope : LEITZ, INC. Dept: SC-33 to 
468 Park Avenue South, New York 16, New York 
operation. H Gentlemen: Please send me complete information on the: on 

Model SM microscope. 

Kindly have representative phone or write me nut 

H for appointment to demonstrate SM microscope at no 
bligati 
LEITZ TECHNICAL SERVICE 
is unique in the United States, providing ‘ _ 
Address 
one of the most extensive service and ' ; 

repair facilities in the field of scientific 8 “ 
elephone 


37761 


E. LEITZ, INC., 468 PARK AVENUE SOUTH, NEW YORK 16, N. Y. 
Distributors of the worid-famous ,preauets 6F 
Ernst Leitz G.m.b.H.,Wetzlar, Germany—Ernst Leitz Canada Ltd. 21 
LEICA CAMERAS: LENSES: PROJECTORS -. MICROSCOPES : BINOCULARS 
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Two Important Factors to Consider 
When Ordering Research Biochemicals 


Of course quality of product is still the prime factor, 
And N.B.Co. is world famous for its complete stocks 
of the finest quality and purest biochemicals. But 
time and money are very important, too. Being able 
to deliver your biochemicals almost instantly and at 
economical prices have made N.B.Co. the world’s 


number one Research Biochemicals House. Our 


Nutritional 
Biochemicals 
Corporation 


21010 MILES AVENUE, CLEVELAND 28, OHIO 


stocks include over 300 Amino Acids * over 90 Pep- 
tides * over 200 Nucleoproteins, Purines, Pyrimi- 
dines * Miscellaneous Biochemicals Vitamins 
Enzymes-Crystalline, Purified « Growth Factors « 
Steroid Hormones «¢ Biological Salt Mixtures and 
Test Materials * Carbohydrates ¢ Purified Proteins 
e Fatty Acids * Antibiotics « Alkaloids *« Glandular 


Substances. 


Send for’ our free October, 1960 
Catalog containing more than 2600 
items. Fill out coupon and mail to- 
day for your copy. sc 


SCIENCE is published weekly by the AAAS, 1515 Massachusetts Ave., NW, 


Washington 5, D.C. Second-class postage pare. Fo Washington, D.C., and 


additional mailing Office. Annual subscriptions: $8. '50; foreign postage, $1.50; ‘Canadian postage, 75¢. 
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IT HAPPENED THIS MONTH... 


a glance at yesterday in relation to today 


IN MARCH —(1884) — Science reviews a Brazilian pamphlet on the genesis of 
beriberi. Dr. J. B. DeLacerda cultured blood of beriberi patients in meat solution 
and obtained a microphyte similar to the “bacillus of carbuncle”. Animals in- 
fected with this organism succumb to paralytic disease in 5 to 20 days. The 
microphyte was then recovered from the muscles and spinal medulla. “From 
these facts the author draws the logical conclusion, that beriberi is a parasitic 
disease, and that the parasites attack particularly the blood, muscles, and 
medulla.” 


With the help of an increased fund of knowledge, we now know that beriberi 
results from deficiency of cocarboxylase (thiamine pyrophosphate), a derivative 
of vitamin B,. Schwarz BioResearch is a leading supplier of cocarboxylase, as 
well as other important metabolic cofactors such as ATP, ADP, adenylic acid, 
flavin adenine dinucleotide, DPN, guanosine diphosphate and guanosine tri- 
phosphate. Many of these have been labeled with C'}. 


IN MARCH —(1921)—Frederick Gowland Hopkins reports the discovery of a 
new sulfhydryl compound in yeast, liver, and muscle cells. This compound 
appears to contain a dipeptide of glutamic acid and cystein. Although present in 
low concentration, it accounts for almost all the non-protein organically bound 
sulfur in the cell. The cystein moiety is found to change readily from the sulfhy- 
dryl to the disulfide state under the influence of factors shown to be present in 
the tissues. 


In the intervening 40 years, we have learned that the compound actually 
contained a third amino acid, glycine, and was the tripeptide we now call 
glutathione. /f you are interested in carrying still further an investigation of the 
chemical or biological properties of glutathione, Schwarz BioResearch can 
supply you with both the oxidized and reduced forms—plain or labeled with 
S** or C14, We can also provide you with the common sulfur amino acids and 
many of their derivatives. Write for our latest catalog and price list. 


IN MARCH—(1949)—Otto Meyerhof publishes another of his interesting 
papers in the field of carbohydrate metabolism. Previous studies had shown 
that large amounts of phosphorylated hexoses are required to maintain steady 
continuous glycolysis in homogenates or centrifuged extracts of malignant 
tumors. In the absence of such phosphate donors, continuous glucose utilization 
can occur only if the activity of ATPase (in terms of phosphate turnover) is 
twice that of hexokinase. Meyerhof and Wilson*® show that enzymatic balance 
may be obtained by adding yeast hexokinase or inhibiting the activity of the 
tumor ATPase. 


Enzyme chemists who are studying tumor glycolysis or have similar interests 
will find useful substrates among the wide variety of sugars, sugar phosphates, 
and related compounds such as DL-glyceraldehyde 3-phosphate diethylacetal, 
offered by Schwarz BioResearch. Many have been labeled with C14. Additional 
compounds can be prepared on special request. Write for our latest catalog and 
price list. 


1, (Review): The bacillus of beriberi. Science 3:331 (March 14) 1884. 2. Hopkins, F. G.: On an autoxidisable 
constituent of the cell. Biochem J. 15:286 (1921). 3. Meyerhof, 0. and Wilson, J. R.: Studies on the enzymatic 
system of tumor glycolysis. I. Glycolysis of free sugar in homogenates and extracts of transplanted rat sarcoma. 
Arch, Biochem, 21:1 (March) 1949. 


SCHWARZ BIORESEARCH, INC. . Dept. 3B +» Mount Vernon, New York 


BIOCHEMICALS * RADIOCHEMICALS * PHARMACEUTICALS for research, for medicine, for industry 
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Electricity and Personal Magnetism 


Endocrine Pharmacology: R. Gaunt, J. J. Chart, A. A. Renzi .................... 618 

This undeveloped field provides broad possibilities in experimental and 

applied therapeutics. 

The method is of increasing use to the archeologist, the geologist, 

the meteorologist; and the oceanographer. 
H. Kahn’s On Thermonuclear War, reviewed by D. N. Michael; other reviews ...... 635 
A Mechanism of Light Adaptation: L..2. Lipetz.... 2 
Plaque Reduction, a Sensitive Test for Eastern Encephalitis Antibody: 

Nondiscriminated Avoidance Behavior in Human Subjects: G. C. Stone ............ 641 
Electroretinogram in Response to X-ray Stimulation: C. S. Bachofer and S. E. Wittry .. 642 
Micromanipulation in Control and Handling of Zygiella x-notata as an Experimental 

Multi-Resistant Aedes aegypti in Puerto Rico and Virgin Islands: 

Uterotrophic Action of the Insecticide Methoxychlor: W. W. Tullner .............-- 647 
Toxoplasma from the Eggs of the Domestic Fowl (Gallus gallus) : 

Letters from F. B. Hutt; E. Asbury; F. Bernheim; T. C. Kahn ............00000005 654 


Positioning of microinstruments on a living 5-mm spider Zygiella x-notata, a test 
animal for psychopharmacologic (psychotrophic) drugs. The micropipette and micro- 
electrodes were controlled by a micromanipulator. See page 644. (Electronic flash; 
xX 60 at f/22) [C. A. Erskine, University of Dublin] 


THROUGH 


ORO staff members pioneer operations 
research for... 


& DEFENSE 


The Operations Research Office of the Johns 
Hopkins University has pioneered operations 
research into a powerful and flexible scientific 
tool in the solution of world-wide military prob- 
lems. Areas of application include strategy, war 
probabilities, tactics, logistics, intelligence, and 
air defense. The result: a strong national mili- 
tary posture with improved operational readi- 
ness to safeguard the peace. 


To solve the intricate problems posed by future 
demands of the pode ORO employs a mixed- 
team approach combining the diverse back- 
grounds of individuals representing more than 
thirty different disciplines. 


Scientists and engineers capable of creative 
thinking are invited to join our professional 
staff. We offer you assignments that carry with 
them the excitement of a pioneering venture 
and the promise of significant scientific contri- 
butions. ORO’s modern facilities are located in 
Bethesda, Md., a residential suburb of Wash- 
ington, D. C. 


Address your inquiry to: John C. Burke, Research Personnel Officer 


OPERATIONS RESEARCH OFFICE / The Johns Hopkins University 
6935 Arlington Road e Bethesda 14; Maryland 
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IS CENTRIFUGING 
A BOTTLENECK? 


The Adams Analytical Centrifuge, 
with its “2 to 4 Student’’ capacity, 
eliminates student “waiting time,’’ 
solves your space problem 


SAVES VALUABLE TIME... With 1 machine for every 2 to 4 stu- 
dents, there is little lost ‘‘waiting time.” 


Relatively high fixed speed (3400 RPM) and angle-head efficiency 
reduce time required for individual procedures. 


Fast stopping, with light pressure of hand. 

SAVES VALUABLE SPACE... Compact (10” in diameter) machine ; 
requires minimum of table space. . ' 
Light and portable—weighs only 11% Ibs. : { 


| 


This six-place centrifuge (for 5 mi. or smaller tubes) is ideally 
suited for teaching elementary and analytical chemistry, including 
qualitative analysis. In the industrial laboratory, its speed and vari- 
able capacities recommend its use for micro & semi-micro work. 


Economically priced, strongly constructed with a chemical- 
resistant finish, the Adams Analytical Centrifuge is maintenance- 
free...oilite bearings need no lubrication for 2 years. Brushless, 
sparkless motor eliminates fire hazard. 110-115 volt, 60 cycle, 
AC motor (transformer for 220 volt available). 


Complete with angle-head, six shields and cushions, and six Clay Ach 
5 ml. ungraduated taper bottom glasstubes... .. $69.00 Qms 
NEW YORK 10 
ATTRACTIVE QUANTITY DISCOUNTS. .. Order from your supplier, 1 
or write Clay-Adams, Inc., 141 East 25 St., New York 10, N.Y. 
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assembly has been complet 


offices in: Cambridge, 
York, Philadelphia, 
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AN EXTRAORDINARY PUBLISHING ACHIEVEMENT OF OUR TIME1 
The Entire Span of Today’s Scientific, Engineering 


— 
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and Technical Knowledge Encompassed in a Monumental 
N Reference Work Containing 8,500 pages of Text, 
% {fs 800 Index Pages, 7,200 Articles and 9,700 Illustrations 


McGRAW-HILL 


ENCYCLOPEDIA OF 


SCIENCE and TECHNOLOGY 


2,015 Contributors, including Nobel Prize Winners, Respected Leaders of Research and 
Industry ... Over 6,000,000 Words — from Concise Articles to Amazingly Comprehensive 
Treatments . .. 100,000-Entry Index...a Wealth of Maps, Charts, Diagrams, 
Drawings, Photographs ... many’ more than in any comparable work of reference. 


N epoch-marking publishing venture — pro- 
viding up-to-date, authoritative information 
on all the sciences of our day — is now com- 
pleted. The new McGraw-HILL ENCYCLOPEDIA 
OF SCIENCE AND TECHNOLOGY makes readily ac- 
cessible within its 15 volumes a vast fund of 
knowledge covering hundreds upon hundreds of 
subjects dealing with the whole spectrum of the 
physical sciences, life sciences, earth sciences, 
and engineering. 

This major work fulfills a prime need of the 
scientist, the engineer, the technician — whether 
concerned with pure research or practical ap- 
plications — whether his work is of a design or 
operating nature — whether he wants to review 
or keep abreast of the vastly enlarged knowledge 
of his own field or must bridge the gap between 
his specialty and unfamiliar areas into which 
his work leads him. 


Unequalied in Timeliness, Clarity, Depth 


This unique library makes it possible for you to have 
as near as your office, laboratory, plant, or home an 
all-knowing corps of specialists to which you can turn 
for precise, authoritative information. You can get 
answers to specific questions raised through daily pro- 
fessional activities or simply explore in a random way 
the universe of today’s scientific, engineering, and 
technical knowledge — distilled into 7,224 compre- 
hensive articles. Whatever your own field, whatever 
field your work is related to, you will find it here. 


& Work of Unsurpassed Authority 


The names of the contributors read like a ‘Who's 
Who” of the world’s scientific community. All are 


recognized specialists — in many instances, articles 


were written by the very person credited with new 
discoveries and developments in a given field. Among 
them are Nobel Prize Winners and others who have 
distinguished themselves for their original and sig- 
nificant work. 

Nothing comparable in breadth of conception, in 
authority, in usefulness, has ever before been offered 
in a reference work of this kind. As an all-embracing 
general reference or a practical working tool, this 
Encyclopedia belongs in the home and professional 
library of everyone with an interest in science and 
engineering. An annual Supplement Volume keeps 
it always up to date. 

You are cordially invited to examine all fifteen 
volumes. There is, of course, no obligation on your 
part. Mail the coupon below for full details. 


I McGraw-Hill Book Compan Dept. SCN-3-3 


y 
327 West 41 Street, New York 36, N.Y. 


Please send me without obligation your pre-view I 
brochure on the new McGraw-HILt ENCYCLOPEDIA 

or ScIENCE AND TECHNOLOGY in 15 volumes; also de- | 
tailed information about the convenient time-payment ] 
plan I may use to purchase this set. i 


Name..... 


City & Zone..... 


SCN-3-" 


ACOUSTICS 
AIRFRAMES | 
acricurture & sous. 
ANIMAL ANATOMY = 
ANIMAL SYSTEMATICS : 
FOOD ENGINEERING cot The New 
FORESTRY 
PHYSICAL GEOGRAPHY 
GEOPHYSICS 
GRAPHIC ARTS 
GROWTH AND 
MORPHOGENESIS 
“ND 
PROD ENG. 
LOW TEmrenaTURE 
MACHINE DESIGN 
MATHEMATICS 
MECHANICAL POWER 
CLASSICAL MECHANICS 
METALLURGICAL 
“ENGINEERING 
METEOROLOGY AND 
CLIMATOLOGY 
MICROBIOLOGY 
MEDICAL MIcROBJOLOGY 
MINERALOGY AN 
PETROLOGY 
: MINING ENGINEERING 
NAVAL ARCHITECTURE 
2 AND MARINE ENGG. 
NUCLEAR ENGINEERING 
OCEANOGRAPHY 
OPTICS 
PALEONTOLOGY = 
ANIMAL PATHOLOGY 
PLANT PATHOLOGY 
PETROLEUM CHEMISTRY 
PETROLEUM ENGINEERING 
GENERAL PHYSIOLOGY 
PLANT PHYSIOLOGY 
state 
PLANT TAXONOMY 
PROPULSION 
PHYSIOLOGICAL 
EXPERIMENTAL 
PSYCHOLOGY 


Today, exploring in all of the physical sciences, 
Melpar is probing in many areas of fundamental 
research, such as: 


Physical Chemistry, encompassing the 
relation of physical properties of biological 
materials to biological functions. 
Physical Techniques and Measure- 
ments in such fields as electron spin re- 
sonance, in conjunction with the studies of 
molecular structure to determine Zeeman 
effects on free radicals. 


Chemistry Studies in fluorescence, or- 
ganic reactions, electrochemistry, polymer 
research, and gas chromatography and 
radiochemistry. 


The Parade of 
Disciplines in the 


Most Advanced 


Areas of the 
Physical Sciences 


Why use gas chromatography? Why use electron 
spin resonance? These represent but a few of the 
areas Melpar is now exploring. This is Melpar: 
Project Probe. 


Scientists with advanced degrees in any of 
the Physical Sciences, who are interested in 
participating in Melpar: Project Probe, 
are invited to write to F. J. Drummond, Pro- 
fessional Placement Manager, Melpar, 3354 
Arlington Boulevard, Falls Church, Virginia. 


MELPAR YF inc 


A Subsidiary of Westinghouse Air Brake Company 
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Electricity and Personal Magnetism 


We are puzzled in one respect by a recent series of advertisements 
in which Arthur Schlesinger, Jr., John Mason Brown, and Edward Tel- 
ler endorse a 54-volume set of writings called the “Great Books of the 
Western World.” The set of writings is published by Encyclopaedia Bri- 
tannica in collaboration with the University of Chicago. It is supposed 
to put the thinking person in touch with the great ideas of civilization 
by making available to him, in their entirety, great works by the great 
thinkers themselves. Now the set, which can be bought on easy budget 
terms, includes some science. It includes, for example, Faraday’s 
Experimental Researches in Electricity, which is 642 pages long, two 
columns to a page. What puzzles us is whether such learned and astute 
public figures really believe that a person interested in gaining an un- 
derstanding of modern science and its development should proceed by 
making his way through this material. 

To be sure, the reader is permitted at his discretion to skip unprof- 
itable pages, and few thinking persons are likely to linger very long 
over, say, tables giving, for the 1840’s, monthly magnetic declinations 
at Toronto, St. Petersburg, Washington, Lake Athabasca, and Fort 
Simpson. But how helpful, in addition, if the reader were only told 
which portions of the work describe fundamental discoveries and which 
of Faraday’s views are no longer accepted. And how helpful to be told, 
if the readers of this material are to communicate with anybody but 
one another, which of Faraday’s special terms have been replaced by 
other expressions and what the new expressions are. And finally, how 
helpful to be advised how much of this work to read before turning to 
other writings of Faraday, to other 19th century scientists, and to 
other scientists of other centuries. 

Putting aside for the moment the problem of the general reader, our 
own impression is that a professional scholar, who is not a physicist 
or a historian of science, would be delighted, when reading Faraday, 
to supplement his own judgment on how he could concentrate his ef- 
forts with the judgment of some better informed colleagues. He would 
regard such assistance as no more presumptious than the suggestion 
that he read Faraday in the first place. After all, the material may be 
new to him, but it is not new to the world. Why, then, should more 
heroic demands be made of the general reader than of the professional 
scholar? Furnishing each reader with a host of learned friends may 
not be feasible, but it is possible to give each one, in the form of prop- 
erly introduced and annotated texts, the information such friends 
could supply. This is not to say that the general reader cannot improve 
his understanding of modern science and its development by studying 
great scientific papers. And there may even be a grain of truth in the 
advertisements’ claim that perusal of man’s great intellectual achieve- 
ments will enable the reader “to think, speak, and act with new and im- 
pressive weight.” But if contact with the soil is good on occasion for 
everyone, it does not follow that everyone must plow the soil afresh. 

Other readers of these advertisements, of course, may be puzzled in 
other respects. Admirers of Dostoevski, for example, will note that 


the set of writings does include a reading schedule for some, if 


not all, of the books, and that the first half of The Brothers Karamazov 
is scheduled for one year, and the second half for the following year. 
What may puzzle Dostoevski enthusiasts is whether Schlesinger, Brown, 
and Teller are really so unfeeling as to ask any reader of the first half 
of the novel to wait even a week before starting the second half.—J.T. 


Packard Tri-Carb 
Liquid Scintillation Spectrometer 


Accurately and automatically 
achieves the best experimental 
results presently possible utilizing 
the latest radioactive tracer 
counting methods for such 
materials as proteins, lipids, 
amino acids, tissue, body fluids, 
aqueous solutions, tritiated 
water, and carbon dioxide. 


In the first six months after the 
transistorized Tri-Carb replaced 

its vacuum-tube predecessor, more 
than a hundred installations were 
made in 15 countries on four 
continents. More samples of tritium, 
carbon-14, and other alpha- and 
beta-emitters are now being 

counted in the Packard Tri-Carb Spectrometer 
than in any other instrument. 


You will be interested in our latest bulletin, which 
shows “‘what’s inside” the transistorized Tri-Carb Spectrometer 
that makes it count so well... so reliably. 

WRITE OR PHONE, REQUESTING BULLETIN 315. 


TRI-CARB LIQUID SCINTILLATION SPECTROMETERS + AUTO-GAMMA SPECTROMETER 
SYSTEMS + FRACTION COLLECTORS * FLOW DETECTORS + RATEMETERS + SCALERS 


97—~at la PASE B 


BOX 428-A,LA GRANGE, ILLINOIS e PHONE HUnter &5-6300 


lt’s What’s Inside That Counts! 


[Packard Instrument Company, Inc. 


CHICAGO ALBUQUERQUE ATLANTA + BOSTON LOS ANGELES NEW YORK « PHILADELPHIA PITTSBURGH 


SAN FRANCISCO + WASHINGTON, D.C. * ZURICH PARIS 
612 
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CURRENT PROBLEMS IN RESEARCH 


Endocrine Pharmacology 


This undeveloped field provides broad possibilities 
in experimental and applied therapeutics. 


Robert Gaunt, J. J. Chart, A. A. Renzi 


The search for drugs to treat the ills 
of mankind is almost as old as the ills 
themselves. Modern applied pharmacol- 
ogy is a sophisticated extension of an- 
cient practice. In addition to their use in 
the treatment of infectious diseases, it 
is customary to prescribe drugs to mod- 
ify the function or dysfunction of the 
nervous, cardiovascular, respiratory, 
gastrointestinal, or renal systems. With 
the well-known exceptions of the anti- 
thyroid drugs, however, chemical agents 
foreign to the human body had, until 
very recently, virtually no established 
uses in regulating the manifold activities 
or diseases of the endocrine glands. The 
use of isolated secretions of endocrine 
glands—that is, hormones—in their 
natural or chemically modified state to 
treat disease is of course a common and 
useful practice. What has been strangely 
lacking, however, is a well-developed en- 
docrine pharmacology involving knowl- 
edge and use of chemical nonhormonal 
compounds which can alter the secre- 
tion or action of hormones. The poten- 
tialities of this approach are particularly 
well illustrated by that large battery of 
drugs which, with a high and selective 
specificity, can block particular func- 
tions of the autonomic nervous system. 
This high-water mark in pharmacolog- 
ical achievement involves interference 
with the production or action of neu- 
rohumoral substances. Analogous pos- 
sibilities exist in so far as the humors 
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of the endocrine glands proper are con- 
cerned. 

One reason for the limited advance 
in this field has been lack of concen- 
trated, systematic effort. This in turn 
is due to the fact that the classic ap- 
proaches to endocrinology have been 
spectacularly successful in the last few 
decades and that preoccupation with 
them preempted the time and energy of 
the students of this science. This classic 
approach has involved the following 
three phases, all of which have been, 
and still continue to be, productive. 

1) The identification, isolation, and 
synthesis-of hormones and their thera- 
peutic use in analogous deficiency syn- 
dromes. This represents the first and 
self-evident approach to endocrine prob- 
lems. Its prosecution has resulted in 
substitution therapies for diabetes mel- 
litus, Addison’s disease, myxedema, the 
menopausal syndrome, and many other 
disorders. 

2) The chemical modification of hor- 
mones to potentiate or prolong their 
activity. Few hormones are now admin- 
istered to patients in the natural state 
in which presumably they are released 
by the endocrine glands into the blood 
stream. Slight chemical modification of 
the natural compound may delay its 
rate of absorption from an injection 
site or delay its metabolic degradation 
in the body, or both, with the result 
that the frequency of administration 
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can be greatly reduced. Hence we pre- 
scribe long-acting insulins, esters instead 
of the free alcohols of the steroid hor- 
mones, and so on. Similarly, slight 
chemical modification may inhibit the 
destruction of a hormone in the gastro- 
intestinal tract and thus make its oral 
administration feasible and economical. 
Examples of this are the oral use of 
methyltestosterone instead of the nat- 
ural testosterone and of ethinyl estra- 
diol instead of estradiol. Such pharma- 
ceutical manipulations, however, were 
not designed or intended to alter the 
biological activity of the hormone mole- 
cule but only to extend, enhance, and 
conserve it. 

In one instance, that of stilbestrol 
and its derivatives, compounds which 
differ greatly from the natural estrogens 
produce effects essentially identical to 
those of the natural estrogenic hor- 
mones (/). Analogous substitutes for 
other types of hormones are not known 
to exist. 

3) The chemical modification of hor- 
mone molecules to alter their natural 
activity. New developments of this type 
were introduced by the discovery of 
Fried (2) that 9q-halogenation of the 
adrenal cortical hormone, hydrocorti- 
sone, resulted in major alterations in the 
pattern of its biological activity. This 
has resulted in a flood tide of work (not 
to be reviewed here) in which chemical- 
ly and biologically modified hormones 
have emerged from test tubes in profu- 
sion. It is now clear that chemical al- 
teration of steroid hormone molecules 
can result in an accentuation of one 
biological activity and diminution of 
another. The same is apparently true of 
the polypeptide hormones (3). This 
makes it possible, both theoretically 
and in practice, to synthesize hormone- 
like substances with tailor-made proper- 
ties to serve specific therapeutic or ex- 
perimental needs. The most widely used 
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substances of this type are the predni- 
solones and their successors, which are 
used in treating inflammatory diseases. 
New ones are surely coming, among 
them steroids which can control fertility 
in man (4). It is still true, however, 
that these chemical alterations of hor- 
mone molecules have produced no com- 
pounds with fundamentally new prop- 
erties which were not present to some 
degree in the parent compounds. It is 
the ratio and magnitude of the different 
activities inherent in the parent com- 
pounds which have been altered. 


Pharmacological Regulation 


of Endocrine Functions 


This brings us to a newer and less 
well developed approach to the study 
of endocrinology, which is our main 
subject—namely, the use of drugs to 
control endocrine functions. While we 
are emphasizing here the potential prac- 
tical applications of such work, any 
success would also be of equal or great- 
er importance in the theoretical and 
fundamental studies of the nature of 
endocrine function. Witness the fruitful 
use of drugs in the study of neurolog- 
ical phenomena. The work outlined be- 
low is of a scattered sort, from many 
sources. It has seldom received com- 
prehensive attention in the literature. 
Nevertheless, new work shows that this 
is a field in which systematic and profit- 
able exploitation will be forthcoming, 
and one to which an increasing amount 
of attention will be given. 

Theoretically there are many ways 
in which drugs might modify endocrine 
function. From a practical standpoint, 
it would be more useful to have glandu- 
lar ‘inhibitors rather than stimulants 
because an excess of hormone usually 
can be obtained, when needed, by di- 
rect administration of the hormone in 
any quantity. Stated in the form of an 
outline (amplified below), some of the 
more obvious routes through which in- 
hibition could be achieved are as fol- 
lows. 

1) A drug might “damage,” reversi- 
bly or otherwise, the glandular secretory 
cells which produce hormones— 
through, for example, alloxan-like ac- 
tion on the pancreas or 1, 1-dichloro-2, 
2-bis (P-chlorophenyl) ethane-like ac- 
tion on the adrenal (Fig. 1). 

2) A drug might inhibit some specific 
(probably enzymatic) step in the bio- 
synthesis of a hormone—through, for 


example, amphenone-like action on the 
adrenal cortex (Fig. 1). 

3) A drug might block the stimulus, 
however remote, which causes glandu- 
lar secretory activity—for example, sed- 
ative inhibitors of adrenocorticotrophin 
(ACTH) release (Fig. 1). 

4) A drug might block the uptake of 
an essential raw material for hormone 
synthesis—for example, the uptake of 
iodine by the antithyroid drugs. 

5) A drug might block the produc- 
tion of an essential precursor to hor- 
mone synthesis—for example, inhibitors 
of cholesterol synthesis which disturb 
steroid hormone production. 

6) A drug might block the reaction 
of a hormone at a receptor site—for 
example, the spirolactone antagonists 
of aldosterone (Fig. 1). 

In some instances it is certain and in 
others probable that drugs are now 
known which can and do achieve most 
of these effects. The fact that, with lim- 
ited exceptions, they are not widely 


used is due to the need for better drugs. | 


With the prototypes available, it should 
be possible to find them. 


Drugs Which Inhibit Secretion of 
Anterior Pitvitary Hormones 


Work in recent years has clarified 
considerably the mechanisms by which 
the secretion of the several hormones 
of the anterior pituitary is regulated. 
This is accomplished, first, by the rela- 
tively slowly acting “thermostat” or 
“feedback” mechanism in which the 
pituitary trophic hormone stimulates 
secretion of a hormone by the target 
gland, and the hormone of the target 
gland in turn acts back to inhibit release 
of the pituitary trophin. This mechan- 
ism operates for most of the pituitary 
hormones which regulate other endo- 
crine glands—for example, the gonado- 
trophins, thyrotrophin, and adrenocorti- 
cotrophin. It serves as a_ stabilizing 
system to prevent violent fluctuations in 
blood levels of the hormones concerned. 
There are, however, other regulatory 
stimuli which can override the feedback 
system and permit the sudden release of 
pituitary trophins, presumably to meet 
immediate or unusual needs. Most reg- 
ulatory factors apparently operate as 
follows: neurohumoral cells in the hy- 
pothalamus can be stimulated to release 
or inhibited from releasing from their 
nerve endings humoral substances which 
are picked up by the hypothalamico- 


hypophyseal portal capillaries and de- 
livered to the anterior pituitary. In the 
pituitary these neurohumors cause re- 
lease of pituitary trophins, which in 
turn stimulate secretion of the target 
glands (5). 

Such mechanisms have been impli- 
cated in the release of all anterior pitui- 
tary hormones except the growth hor- 
mone. The stimuli which impinge upon 
the hypothalamus to initiate this cycle 
of events are the subject of much cur- 
rent study and are not well understood. 
Apparently they may be either neural 
or blood-borne. Classic examples of 
their actions, however, are the release 
of pituitary luteinizing hormone after 
mating in some mammals and the quick 
release of adrenocorticotrophin in re- 
sponse to nonspecific stress. In any case, 
it is evident that a complex chain of 
events must transpire before the original 
stimulus (psychic, traumatic, humoral, 
pharmacological or otherwise) results 
in secretory response by the target 
gland involved. Theoretically, blocking 
of the response might be achieved at 
any link of the chain by a drug of suf- 
ficient specificity; the greater the length 
of the chain, the greater the vulnerabil- 
ity of the system to pharmacological 
blockade. 

Gonadotrophins. The study of the 
influence of drugs on the secretion of 
gonadotrophins was initiated and devel- 
oped largely by Markee, Everett, and 
Sawyer (6). They have skillfully used 
pharmacological tools to great advan- 
tage in a long series of studies to reveal 
important information about funda- 
mental mechanisms in reproductive 
processes and, incidentally, about the 
drugs themselves. Thus, it could be 
shown that the secretion of luteinizing 
hormone in the rabbit, which causes 
ovulation under the stimulus of copula- 
tion, can be blocked by some (for ex- 
ample, dibenamine) but not all (for 
example, Regitine) antiadrenergics and 
by anticholinergics (such as atropine) 
as well. Studies to determine the time 
at which drugs had to be given after 
the stimulus of copulation in order to 
block ovulation led to the concept that 
a link blocked by anticholinergic drugs 
preceded one blocked by antiadrenerg- 
ics in the presumably complex neural 
pathways involved. 

In the rat, which has a different type 
of reproductive cycle, the pharmacolog- 
ical relationships were also different. It 


-was possible, however, to block the 


spontaneously occurring ovulation, pre- 
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PHARMACOLOGICAL INFLUENCES 
ON PITUITARY - ADRENAL FUNCTION 
CENTRAL NERVOUS SYSTEM 
(CRF) 
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SPIROLACTONES 
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TARGET ORGANS 


Fig. 1. A diagram illustrating some aspects of normal pituitary-adrenal function and the site of action of drugs which modify it. 
Physiological factors are illustrated by solid arrows, pharmacological ones by broken arrows. Inhibition or blockade is indicated 
by black boxes. Physiological: In the central nervous system a corticotrophin releasing factor (CRF) stimulates (I) the anterior 
pituitary to secrete corticotrophin (ACTH), which in turn causes (II) the secretion of the several adrenal hormones, only four of 
which are shown. Other humoral agents also influence (III) aldosterone secretion, but their identity is uncertain. Of the corticoids 
illustrated, hydrocortisone and aldosterone are the most important, the other two being produced normally in insignificant amounts. 
Hydrocortisone serves (IV) as the main natural inhibitor of ACTH secretion, thus providing a self-limiting regulatory system. It 
may act directly on the pituitary, the hypothalamus, or both (/0/). Exogenous stimuli (V) can, however, stimulate ACTH secretion, 
thus overriding the feedback mechanism (IV). Not illustrated is the possibility, for which some evidence exists, that the central 
nervous system exerts inhibitory as well as stimulating influences on ACTH secretion. Pharmacological: Depressant drugs (analget- 
ics, tranquilizers, and so on) can inhibit (VI) the secretion of ACTH either by direct effects on the nervous system or by insulating it 
from exogenous sensory stimuli (V). Su-4885 acts (VID primarily to inhibit the enzymatic hydroxylation of adrenal hormones at car- 
bon-11, thus preventing or reducing the secretion of hydrocortisone and aldosterone. The lack of hydrocortisone eliminates the feed- 
back mechanism (IV), permitting excess secretion of ACTH. Under these circumstances an excess of ACTH causes an outpouring of 
11-deoxycorticosterone and 11-deoxyhydrocortisone. These are mineralocorticoids and their levels may rise sufficiently to cause 
sodium retention. If a steroid which inhibits ACTH (VIID) is given with Su-4885, all corticoid secretion is reduced and sodium diure- 
sis and reduction of edema may occur. The spirolactones act (IX) as competitive inhibitors of aldosterone and block its effects on 
the kidney and at other sites. This results in sodium diuresis and a compensatory hypersecretion of aldosterone. The DDD-like com- 


pounds cause (X) cellular atrophy of the adrenal, lack of responsiveness to ACTH, and decreased secretion probably of all corti- 
coids. 
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sumably dependent upon a release of 
luteinizing hormone mediated by the 
central nervous system (7) as in the 
rabbit, by a variety of drugs (such as 
atropine, dibenamine, barbiturates, mor- 
phine, SKF-501, chlorpromazine, and 
reserpine) if they were administered at 
certain time-limited stages of the estrus 
cycle. Specifically this was between 2 
and 4 p.m. on the day of proestrus (8, 
9). Electrophysiological studies showed 
again that although several of these 
drugs seemed to have common actions 
in the central nervous system, no single 
common pattern of response was seen. 
This suggests strongly that the inhibi- 
tion of ovulation achieved was effected 
at different sites. In the hen, ovulation 
can be blocked by drugs, but pharma- 
cological details seem to differ from 
those seen in mammals: the barbiturates 
are inactive, but atropine and SKF-501 
work (J0). A drug used for the treat- 
ment of infectious diseases in birds 
[2-amino, 5-nitrothiazole (Enheptin)] 
causes dramatic gonad atrophy and ste- 
rility in chickens, apparently due to 
gonadotrophic inhibition (/7). In mam- 
mals, however, this type of action is 
only transient if it is present at all (7J, 
12). 

Studies with the newer tranquilizing 
drugs are of particular current interest. 
It is clear that reserpine, for instance, 
can affect anterior pituitary function in 
such a way as to inhibit estrus, menstru- 
ation, and fertility (13, 14) and modify 
the decidual response, which is depend- 
ent on the secretion of pituitary luteo- 
trophins (/5). 

Interestingly enough, this inhibitory 
effect on certain gonadotrophins is not 
carried over to the lactogenic hormone 
of the pituitary, the release of which is 
certainly not inhibited by reserpine (/3), 
but instead in some species (including 
man) and under some conditions is 
stimulated to the extent that lactation 
is induced. This was first seen in iso- 
lated clinical cases and was subsequent- 
ly demonstrated unequivocally in ani- 
mals (/6, 17). A still different pattern 
of effects, discussed below, occurs in 
the release of ACTH, which may be 
either stimulated or depressed. 

Syrosingopine, a compound derived 
by chemical modification from reser- 
pine, is much weaker than the latter in 
influencing the release of gonadotro- 
phins and lactogen (and ACTH) from 
the pituitary (J7-19) and in causing 
tranquilization-sedation, although it is 
as effective as reserpine in reducing 
blood pressure in laboratory animals. 
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Unlike reserpine, it reduces catechola- 
mine levels much more at peripheral 
than at central sites (20). Hence it may 
be inferred that the endocrine effects of 
Rauwolfia alkaloids are mediated pri- 
marily in the brain. 

Chlorpromazine has, in general, en- 
docrine effects much like those of reser- 
pine, but minor differences suggest that 
different mechanisms of action are in- 
volved. 

It is a curious fact that very scanty 
manifestations of such actions of reser- 
pine and chlorpromazine have been ob- 
tained in the millions of patients treated 
with these drugs. One reason may be 
that the dosage required to obtain any- 
thing other than subtle evidence of ac- 
tivity is larger than dosages usually used 
in medical practice; such effects are 
more frequently seen in psychiatric 
practice, where large doses are conven- 
tionally used (2/7). This means that 
these drugs will probably never be effec- 
tive therapeutic agents for the con- 
trolled and purposeful regulation of re- 
productive functions in man. These 
findings do, however, point clearly to 
the fact that such pharmacological reg- 
ulation is possible. Drugs which act 
more specifically would be of great po- 
tential use, both in clinical medicine and 
in animal husbandry, in treating repro- 
ductive dysfunction and in controlling 
—particularly in inhibiting—fertility. In 
this connection the hoped-for applica- 
tion of the gonadotrophin-inhibiting 
effects of extracts of the Lithospermum 
plants, a heritage from the American 
Indian, have not yet been realized. 

Despite their gonadotrophin-suppress- 
ing action, as seen in the rat (8), the 
use of barbiturates and other anesthet- 
ics as inhibitors of ovulation has not 
had, and probably will not achieve, 
practical application. 

Recent reports show that different 
monoamine oxidase inhibitors, includ- 
ing the “psychic energizer” iproniazid, 
in relatively high dosage, can suppress 
gonad function and produce sterility in 
rats (22). It is probable but not certain 
that the major effect involves a selective 
inhibition of certain gonadotrophins, 
perhaps the interstitial cell-stimulating 
hormone. 

In conclusion, it is of interest that all 
of the drugs mentioned above, believed 
to affect reproductive functions in mam- 
mals through modification of gonado- 
trophin secretion, are drugs which act 
on the autonomic or central nervous 
systems. Generally they act on some as- 
pect of the metabolism of the neuro- 


humoral catechol amines. Here similar- 
ity ends, however, because sites and 
details of their action vary widely. This 
emphasizes again the point that the 
chain of neurohumoral influences in the 
control of. reproduction is a long one, 
with many points of pharmacologic 
vulnerability. 

Gonad hormones. Studies have been 
continued over many years in an at- 
tempt to find steroids which, by com- 
petitive inhibition or otherwise, would 
antagonize the action of the natural 
hormonal steroids. With the exception 
of the recent work on antialdosterones 
discussed below, these efforts have been 
largely fruitless. The natural estrogens 
and androgens themselves may show 
either antagonistic or supplementary 
effects when given together, the result 
being dependent upon the end point 


chosen. A few nonhormonal steroids . 


can interfere with the action of natural 
ones to a moderate degree (23, 24). 
Perhaps the recent finding of an anti- 
androgenic activity of A-norprogester- 
one represents the greatest success in 
this direction (24). In general, however, 
such work has not contributed greatly 
either to experimental or to clinical en- 
docrinology. 

The recent discovery of the antiestro- 
genic action of the new nonsteroidal 
compound, 1-(p-2-diethylaminoethoxy- 
phenyl) - 1-phenyl-2-p-methoxyphenyl 
ethanol (Mer-25), provides a tool of 
much greater potential importance. In 
rats, mice, monkeys, chicks, and rab- 
bits, it will block the action of endog- 
enous or exogenous estrogens, either 
steroidal or nonsteroidal, with remark- 
able effectiveness (25). The mechanisms 
of action are not known. In addition, 
in the rat it causes degeneration of fer- 
tilized eggs in the oviducts, even when 
given after mating, and thus prevents 
pregnancy (26). Whether this is a con- 
sequence of its antiestrogenic action or 
a separate effect is not certain (27). 
The potentials of a compound with 
these properties in the treatment of 
reproductive disorders and of tumors 
and in fertility control are great. The 
danger is, however, that such com- 
pounds, like the estrogenic doisynolic 
acid derivatives and some adrenal corti- 
cal inhibitors, tend to have a high de- 
gree of species specificity. They may 
work in man as in animals, but en- 
thusiasm must be tempered until that 
is demonstrated to be the case. In fact, 
there is an ominous lack of reports of 
activity of Mer-25 in man. 

One of the first effects of sex steroids 
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‘on the uterus seems to be the release of 


histamine (28), to which some later 
reactions are presumably secondary. 
Also, histamine is apparently involved 
in other hormone-triggered uterine 
events, such as the formation of de- 
ciduomata. Antihistamine drugs can, 
therefore, block some actions both of 
the estrogens and of progesterone in 
animals (28, 29). As yet there has been 
no practical application of this interest- 
ing fact. Ergotoxine can block estrus 
cycles, pseudo-pregnancy, and preg- 
nancy in rats by means which are not 
clear (30). 

A considerable variety of chemical 
compounds, such as the antimitotic 
drugs, alkylating agents, and anti- 
metabolites, can interfere with the activ- 
ity of the germinal epithelium or other 
aspects of the reproductive process and 
produce sterility. Such work has been 
extensively reviewed by Jackson (3/) 
and Nelson (4); it does not appear that 
endocrine mechanisms are primarily 
involved. 


Drugs Affecting the Adrenal Cortex 


Adrenocorticotrophin inhibitors. With 
the partial exception of aldosterone, the 
secretions of most of the hormones of 
the adrenal cortex are regulated by 
ACTH (Fig. 1). The mechanisms regu- 
lating the rate of secretion of ACTH 
itself, aside from the feedback system, 
are labile ones; they are highly sensi- 
tive to a wide variety of stimuli which 
can best be grouped under the term 
stressful. In general, the system seems 
designed to insure that an excess of 
adrenal corticoids will be available for 
any potential need. The frequency with 
which this system is deranged so that 
a harmful excess of corticoids is re- 
leased is a moot point, but that this 
sometimes happens is certain. 

It is probable that the varied stimuli, 
either enhancing or inhibiting, which 
affect ACTH secretion impinge in com- 
mon on the central nervous system by 
either neural or vascular routes. It is 
generally believed that they are all 
funneled through the hypothalamus, but 
this not certain (32). There, it is thought, 
they cause a release of corticotrophin- 
releasing factor, which follows vascular 
paths to the anterior pituitary and 
causes ACTH secretion. It is, therefore, 
not surprising that the most effective 
inhibition of ACTH release has been 
achieved by (i) surgery which blocks 
either neural paths to the hypothalamus 
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or vascular paths leading from it to the 
pituitary, or (ii) drugs which are depres- 
sants of the central nervous system. Of 
the latter, none has the advantage of 
specificity or of complete effectiveness. 
Nevertheless, some have served as use- 
ful laboratory tools; the term chemical 
hypophysectomy has entered the litera- 
ture, although it probably suggests more 
than any drug has yet accomplished. 

Among the drugs which can block 
or dampen the release of ACTH under 
some circumstances are the following: 
SKF-501 (33, 34), morphine (35-37), 
dibenzyline (34, 36), atropine (34), 
barbiturates (38, 39), diphenylhydantoin 
(40), meprobamate (41), reserpine (42), 
ether (39), and chlorpromazine (43, 44). 
These are, for the most part, the same 
drugs which can inhibit secretion of 
certain gonadotrophins, suggesting com- 
mon pathways of action. In general, 
they probably act either at central sites 
to prevent release of the corticotrophin- 
releasing factor or peripherally to pre- 
vent afferent stimuli from reaching 
such central sites. None of them pre- 
vent ACTH secretion completely—that 
is, they do not produce adrenal insuffi- 
ciency, but rather tend to prevent the 
normal extra release of ACTH follow- 
ing stressful stimuli (45). Their primary 
end action is on the secretion of gluco- 
corticoids rather than of aldosterone, 
since the latter is only partially under 
the control of ACTH. The groups led 
by Sawyer and by Sayers (39) agree in 
the suggestion, based on various types 
of neurological and pharmacological 
evidence, that several of these drugs, 
such as morphine, chlorpromazine, the 
barbiturates, and ether, act primarily 
to depress the reticular activating system 
and thus prevent stimuli that release the 
corticotrophin-releasing factor from 
reaching the hypothalamus. Royce and 
Sayers (39) provided the direct evidence 
of changing blood levels of ACTH (as 
contrasted to indirect measures of 
ACTH secretion) under the influence 
of ether and barbiturates. 

Despite certain common end results, 
the drugs involved differ considerably 
among themselves with respect to details 
of their actions. It should be emphasized 
that the majority of them, when first 
administered, act like stresses and may 
cause an initial massive outpouring of 
ACTH. .For this reason their ACTH- 
suppressing activity may easily be over- 
looked. In the case of reserpine the 
initial ACTH-releasing action can itself 
be blocked by dibenamine (46). Subse- 
quently the stimulatory action subsides 


and the drugs tend to block the ACTH- 
releasing effect of other stimuli. This 
has been notably demonstrated in studies 
on morphine and reserpine (35, 42, 47). 
The barbiturates, on the other hand, 
seem to depress ACTH release without a 
prior stimulation. The extent to which 
the drugs studied block the action of 
ACTH-releasing stimuli seems to vary 
with the drugs themselves, with their 
dosage, and perhaps with other experi- 
mental variables. Interestingly enough, 
Gold and his co-workers (48) found that 
chlorpromazine and some other tran- 
quilizers, but not reserpine, will block 
the pituitary response to the adrenal 
inhibitor Metopirone (Su-4885), dis- 
cussed below. Mepazine, a phenothia- 
zine, has a predominantly stimulating 
action and little if any inhibitory action 
on ACTH secretion (49). 

It is interesting to speculate on the 
practical and therapeutic consequences 
of this type of pharmacology. In psychic 
agitation, in shock or in pain, is the 
ACTH-inhibiting or ACTH-stimulating 
action of drugs conventionally pre- 
scribed one aspect of their therapeutic 
efficacy or an undesirable side effect? 
No certain answer can be given. Most 
of the substances involved: protect 
against various forms of shock, but it is 
not known whether the adrenal-pitui- 
tary effects in such situations are coinci- 
dental or more directly related to the 
end results. In chronic stress a good 
theoretical argument could be made 
that a dampening of adrenal activity is 
advantageous. It is clear only that this 
long-overlooked asvect of the phar- 
macology of “depressant” drugs should 
be considered in an assessment of their 
total activity. 

Whatever may be the medical aspects 
of the use of such drugs, they have ac- 
quired a highly practical laboratory role 
in that they dampen endogenous hypo- 
thalamic-pituitary activity and thus fa- 
cilitate the study of other agents which 
affect the release of the corticotrophin- 
releasing factor and of ACTH (see, for 
example, 43, 50). 

Direct inhibitors of the adrenal cor- 
tex. Now that some systematic effort to 
find them is being made, it seems that 
there are a variety of pharmacologi- 
cal ways, other than by inhibition of 
ACTH, in which corticoid suppression 
can be achieved. Such suppressants 
might be expected to be useful in hyper- 
tensive disease, cardiac and renal dis- 
eases, diabetes mellitus, neoplasms, and 
other states more definitely related to 
adrenal hyperfunction, such as Cush- 
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ing’s syndrome, primary aldosteronism, 
and adrenogenitalism. In addition, some 
have proved useful diagnostic tools. Sci- 
entific attention at the moment is 
focused largely on three types of com- 
pounds which act on the adrenal in 
different ways. These are the steroidal 
spirolactones, the amphenone-like com- 
pounds, and compounds related to the 
insecticide 1, 1-dichloro-2, 2-bis (P- 
chlorophenyl) ethane (DDD). Of per- 
haps greater future promise is the ex- 
istence of preliminary evidence’ that 
various other types of compounds may 
have similar activity. 

Steroidal spirolactone (see Fig. 1). 
The original work of Kagawa et al. 
(51) and of Liddle (52), followed by 
that of many others, established that a 
group of steroidal lactones can act 
competitively to prevent aldosterone 
and other mineralocorticoids from hav- 
ing their typical sodium-retaining effects 
in the kidney and at other sites. This 
work has been well confirmed, and the 
therapeutic value of spirolactone as a 
diuretic and antihypertensive has been 
established (53). The gonadal steroids 
with previously known weak natriuretic 
effects act like the spirolactones (54). 
More important, perhaps, is the possi- 
bility that the discovery of the spiro- 
lactones will open the door to the dis- 
covery of other long-sought-for com- 
petitive inhibitors of adrenal and 
gonadal steroids. Much effort has al- 
ready been expended in that direction 
without any notable success. 

Inhibitors of steroidogenesis in the 
adrenal. The compound amphenone B 
was synthesized by Allen and Corwin 
(55) and then shown by Hertz et al. 
(56) to have a multiplicity of biological 
effects, among which was a suggested 
inhibition of adrenal cortical function 
in the rat. The other effects included 
progestational, antithyroid, and anes- 
thetic actions, and in the rat a marked 
adrenal hypertrophy with cholesterol 
deposition. 

It subsequently became clear that in 
the dog and in man amphenone inter- 
feres with the biosynthesis of all or 
most of the adrenal corticoids, probably 
by interfering with the enzymatic mech- 
anisms responsible for the later stages 
of steroid synthesis (57). Rosenfeld and 
Bascom (58) located these inhibitions 
as specifically involving 118-, 17a- and 
21-hydroxylations as well as the oxida- 
tion of the 3-hydroxyl to 3-ketone. By 
manipulating the amphenone molecule 
it is possible to vary the potency and 
at least the quantitative pattern of its 
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activities (59, 60). One can, for in- 
stance, enhance or depress the antithy- 
roid activity, and this in itself would 
be of practical interest were it not that 
other types of antithyroid drugs of 
much greater potency and specificity 
are available. 

In our laboratory a large number of 
compounds more or less closely related 
to amphenone have been studied. One 
of particular interest (Fig. 1) was 
Metopirone (Su-4885). It was first noted 
in dogs (6/) that in acute experiments 
this compound eliminated or reduced 
the Porter-Silber steroids in adrenal 
vein blood and blocked their production 
by adrenal tissue of rats and guinea 
pigs in vitro (59). It seemed curious at 
the time, however, that when given to 
dogs over a long period it did not cause 
adrenal insufficiency and, in fact, under 
some conditions caused a retention of 
sodium, suggesting an excess of min- 
eralocorticoid. The explanation of this 
paradox turned out to be, as shown in- 
dependently by Liddle et al. (62) and 
Jenkins et al. (63), whose findings were 
subsequently abundantly confirmed, that 
in ordinary tolerated doses in intact 
animals or man, Su-4885 inhibits pri- 
marily 11-hydroxylating mechanisms 
(Fig. 1) and hence inhibits secretion of 
the main natural corticoids—hydro- 
cortisone, corticosterone, and aldo- 
sterone. If its action stopped at that 
point, the drug could have a wide 
potential usefulness in many disease 
states. The withdrawal of hydrocorti- 
sone from the circulation, however, re- 
moves the principal natural inhibitor 
of ACTH secretion. The consequent 
excess of ACTH acting on adrenals 
whose main pathways of steroidogenesis 
are blocked causes an outpouring of 
two steroids normally secreted only in 
very small amounts: 11-deoxyhydro- 
cortisone (Reichstein’s S) and 11-deoxy- 
corticosterone. These are both potent 
salt-retaining hormones, and their pres- 
ence adequately explains the observed 
salt retention and lack of adrenal in- 
sufficiency. The endocrine effects of Su- 
4885 duplicate closely those observed 
in a hypertensive syndrome described 
in man by Eberlein and Bongiovanni 
(64), due to a congenital incapacity to 
hydroxylate steroids at carbon-11. 

These secondary actions of Su-4885 
will probably preclude or limit its use 
in long-term therapy. The history of 
the drug, however, provides another 
example of the fact that the practical 
consequences of research may be totally 
unforeseen when the research plan is 


formulated. Metopirone is finding a 
wide use as a tool in the differential di- 
agnoses of pituitary-adrenal diseases. 
This is based on the fact that if the 
ACTH secretory mechanism is normal, 
a patient will respond to Su-4885 by ex- 
cess secretion (and excretion) of 11- 
deoxy- steroids; the lack of such 
response shows a specific pituitary defi- 
ciency. In addition, if an ACTH inhib- 
itor (for example, prednisone) is given 
with Su-4885, then the compensatory 
rise in 11-deoxy- mineralocorticoids is 
prevented and a sodium diuresis, useful 
in some conditions, is achieved (65). 
Work now in progress in our own 
and other laboratories suggests that 
compounds with a different spectrum of 
effects than either amphenone or Su- 
4885 can be made. Such developments 
will be awaited with great interest. 
DDD-like compounds (see Fig. 1). 


The insecticide DDD and related com- ~ 


pounds have a different type of action 
in that they cause cytotoxic atrophy of 
the dog’s adrenal, with a consequent 
reduction in steroid secretion (66). The 
adrenals of DDD-treated animals, un- 
like those of animals receiving the 
amphenones, are not responsive to 
ACTH as regards either growth or 
secretory activity. Apparently a con- 
siderable family of DDD-like substances 
have adrenal-inhibiting activity, and a 
search is being made for congeners with 
greater activity and less toxicity than 
the parent compound. None have been 
found that are both safe and effective 
for human use, but 0,p’-DDD has rather 
dramatically inhibited the development 
of metastatic adrenal carcinoma as well 
as adrenal function in man (67). 

Miscellaneous substances. Numerous 
other substances have been reported to 
cause some manifestations of adrenal 
inhibition. These include the strong 
antithyroid drug thiouracil, which 
causes some adrenal atrophy in rats 
(68); it is interesting to note that the 
adrenal inhibitor amphenone is also a 
thyroid inhibitor. The estrogens cause 
adrenal hypertrophy; this is an apparent 
compensatory response to their action 
in inhibiting a maximal corticoid syn- 
thesis, perhaps due to some interference 
with cholesterol metabolism (69). An- 
other substance, delta-4-cholestenone, 
also interferes with the synthesis of 
cholesterol and may in that way exert 
its reputed inhibitory effect on corticoid 
secretion (70). 

A number of recent reports suggest 
that a variety of substances may act as 
adrenal cortical suppressants: strepto- 
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mycin (7/), heparin (72), omega-me- 
thylpantothenic acid (73), triazines 
(74), and acetyl strophanthidin (75). 
Schuler and Meier (76) proposed, on 
the basis of indirect evidence, that 
some thiosemicarbazones were adrenal 
inhibitors. Interestingly enough, these 
thiosemicarbazones also cause testicu- 
lar dysfunction, particularly of the ger- 
minal epithelium. We have found in 
preliminary direct measurements that 
two of these thiosemicarbazones, Ba 
9479 and Ba 11044, markedly depress 
adrenal function, as determined by 
measurements of the steroid content of 
adrenal vein blood. 

In tissue culture an antimitotic action 
of hydrocortisone on HeLa cells can be 
blocked by pilocarpine (77). It will be 
interesting to explore the significance 
of such results in terms of whole organ- 
isms. 

Although substances of wide thera- 
peutic applicability are not yet at hand, 
the present situation, with its many op- 
portunities for well-guided further in- 
vestigations, differs greatly from that 
of the recent past when the existence 
of any pharmacological inhibitor of the 
adrenal cortex was questionable. 


Antithyroid Drugs 


Since this article is primarily con- 
cerned with current and prospective 
lines of investigation, only brief refer- 
ence wiil be made to antithyroid drugs. 
Endocrine pharmacology has achieved, 
however, its greatest successes in this 
field; the extensive available knowledge 
is now recorded in textbooks, and the 
use of these drugs is well established 
in medical practice. 

Thyrotrophin. In contrast to the huge 
number of substances which inhibit 
thyroid activity by some local action, 
there are few which are known to 
achieve a similar result by inhibiting 
the release of pituitary thyrotrophin. 
Thyroid hormones inhibit’ the release of 
pituitary thyrotrophin, and this is one 
of the main features of physiological 
thyroid regulation. A direct action of 
iodide on the secretion of pituitary 
thyrotrophin has often been suggested 
but has not yet been demonstrated (78). 
Dinitrophenol may have some effect, 
possibly an indirect one (79). Ether 
may inhibit the release of pituitary 
thyrotrophin (80) as well as ACTH. 
Reserpine certainly has a mild thyroid- 
inhibiting action in some circumstances, 
which is thought to result from inhibi- 
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tion of the release of pituitary thyro- 
trophin (8/). 

Direct thyroid inhibitors. Thyroid in- 
hibition can be accomplished in various 
ways (82). One is based on the still 
anomalous fact that iodine, although a 
constituent of the thyroid secretion and 
hence necessary for its synthesis, can 
under certain circumstances act as a 
thyroid inhibitor (see 83). Thiocyanate 
and various monovalent ions close to 
iodine in the Hofmeister series interfere 
with the mechanism by which the thy- 
roid normally can collect and retain 
large quantities of iodide from the blood 
stream (84). As a result of the pioneer 
work of the MacKenzies (85) and of 
Astwood et al. (86), some sulfonamides 
and thioamides related to thiourea were 
shown to block thyroid hormone pro- 
duction, probably by blocking the iodi- 
nation of tyrosine in the thyroid. From 
the thioamides the most useful thera- 
peutic agents for controlling hyperthy- 
roidism have evolved: 2-thiouracil, pro- 
pylthiouracil, methimazole, iothiouracil, 
and so on. 

Subsequently a variety of other com- 
pounds was shown to have some sort of 
thyroid-inhibiting influence. These in- 
clude resorcinol (87), phenothiazenes 
(88), phenylbutazone (89), amphenone 
(56, 90), 2-3-dimercaptopropanol (9/), 
reserpine (92), and some substances of 
natural origin—for example Brassica 
plants (79). These compounds probably 
act in different ways. None has yet had 
practical application. 


Stimulants and Inhibitors of the 
Neurohypophysis 


The two known hormones of the 
mammalian posterior pituitary are, ac- 
cording to the species, either arginine- 
or lysine-vasopressin and oxytocin. They 
are now generally thought to be neuro- 
secretions, perhaps synthesized in hypo- 
thalamic nuclei from which they tra- 
verse neurones to a discharge point 
from the posterior lobe. The main 
known function of vasopressin is to in- 
crease the permeability of nephron walls 
to water, thus facilitating reabsorption 
and inhibiting excretion of this sub- 
stance. 

Study of influences which either stim- 
ulate or’depress the release of vaso- 
pressin has been greatly impeded by the 
lack of sufficiently reliable and sensi- 
tive methods of measuring this hor- 
mone in body fluids when it is present 
in small amounts. Generally, stimulation 


of the release of vasopressin is inferred 
if the whole pattern of response to a 
drug or other influence resembles the 
response to exogenous vasopressin. In- 
hibition is inferred if the response is like 
that in diabetes insipidus, induced either 
by surgical means or by water diuresis. 

A large number of drugs, particularly _ 
those that produce some manifestation 
of toxicity, inhibit water diuresis in 
short-term experiments. It is common to 
assume. that this is due to the release of 
vasopressin. In our experience, how- 
ever, with rats as test animals, most 
such drugs were found to cause a shut- 
down not only in the excretion of water 
but in that of sodium and potassium as 
well. Under the same conditions exog- 
enous vasopressin causes, if anything, 
an increase in the excretion of sodium 
and potassium along with water anti- 
diuresis. Hence, such evidence provides 
no certain basis for implicating the 
neurohypophysis. It is of great interest 
but uncertain significance that in the 
absence of vasopressin the action of 
thiazide diuretics are reversed—that is, 
they cause anti-diuresis (93). 

Diuretic drugs. A plethora of drugs, 
many in wide clinical use, cause water 
diuresis and have varying effects on the 
excretion of electrolytes. Ethanol is the 
only one of these that, on the basis of 
widely acceptable evidence, acts by in- 
hibiting the secretion of vasopressin. 
The diuretic action of ethanol-contain- 
ing beverages has been commonly ob- 
served through the ages. It was hard to 
convince the pharmacologists, however, 
that this was a specific effect of ethanol 
per se. Agreement that such was the 
case emerged from the work of Edkins 
and Murray (94), of Eggleton (95), of 
Strauss et al. (96), and particularly of 
van Dyke and Ames (97). The latter 
workers added the convincing demon- 
stration that ethanol acted to inhibit the 
release of vasopressin. This interesting 
work has not led to therapeutic applica- 
tions. While ethyl alcohol is widely self- 
administered, to greater or lesser ad- 
vantage, for psychopharmacological 
purposes, it is seldom a cure for edema. 
In fact, the finding of Laragh et al. (98) 
that surgical ablation of the posterior 
pituitary did not prevent the formation 
of ascites in the dog suggests that any 
future discoveries of vasopressin inhibi- 
tors would not provide tools, as once we 
had hoped, for the treatment of diseases 
characterized by anasarca. In the labora- 
tory, however, ethanol enjoys wide use 
as a tool for making animals suitable 
for the bioassay of vasopressin-like sub- 
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stances by blocking the release of 
endogenous vasopressin. A compound 
with similar activity but less toxicity 
would be still more useful. 


Drugs Affecting the Isles of Langerhans 


The medical problem of diseases of 
the pancreas is of such magnitude that 
any means of pharmacological control 
of, or substitution for, that organ as- 
sumes great importance. The search for 
substitutes for insulin that could be 
given orally rather than by injection 
has been a continuing one. Several types 
of compounds are known to have in- 
sulin-like action, and in recent years 
two groups of these have found notable 
success in medical use, the sulfonylureas 
and the biguanides. The literature has 
been thoroughly cited in recent reviews 
and symposia (99). The discovery of the 
antibacterial action of sulfonamide 
drugs carried in its wake, as has often- 
times been the case in the history of 
science, some spectacular advances in 
entirely different fields of medicine. For 
one, certain sulfonamides (acetazola- 
mide, chlorothiazide, hydrochlorothia- 
zide, and so on) were found to be 
highly effective diuretic and antihyper- 
tensive agents. For another, some of the 
sulfonylureas were found to have an 
insulin-like hypoglycemic action and to 
be useful in the treatment of diabetes 
mellitus. The principal compounds in- 
volved have been tolbutamide, carbuta- 
mide, and chlorpropamide — drugs 
whose activities differ only in details. 
The main action of these drugs is to 
stimulate the release of pancreatic in- 
sulin. Other actions, such as an aug- 
mentation of insulin effects or direct 
actions on organic metabolism, are 
probable but ill defined. 

The hypoglycemic action of some 
guanidines has been known for many 
years. It was only recently, however, 
that one of these, phenylethylbiguanide, 
found wide clinical use. Although con- 
siderable factual information exists con- 
cerning its effects, a comprehensive 
understanding of its mode of action is 
lacking. Clearly, however, it acts dif- 
ferently from either insulin or the sul- 
fonamides. 

Since pancreatic hyperfunction is 
much rarer than pancreatic deficiency, 
there has been less incentive to find 
insulin inhibitors than insulin stimulants 
or substitutes. Nevertheless, such drugs 
have an important if limited role, and 
therefore much enthusiasm greeted the 


discovery that alloxan and some related 
substances, when properly administered, 
could selectively destroy the insulin- 
secreting (beta) cells of the pancreas in 
animals (100). It was hoped that, among 
other things, alloxan might afford a 
practical means of control of pan- 
creatic tumors and their metastases. 
These hopes were not wholly realized, 
but laboratory work has been greatly 
facilitated by the ability to produce an 
experimental diabetes at will with the 
use of alloxan. Not only is it much 
easier to give alloxan than to do a 
surgical pancreatectomy, but the selec- 
tive destruction of beta-cells by alloxan, 
unlike surgical procedures, leaves other 
nonendocrine parts of the pancreas 
functionally intact. 


Conclusions 


There are a few well-established 
cases in which pharmacological regula- 
tion of endocrine secretion can be 
brought about in a highly effective and 
practical fashion by drugs. Prototypes 
exist, however, of drugs which can do 
the same thing less effectively for most 
of the other major endocrine glands, 
with the exception of the parathyroids. 
These drugs are of a great variety of 
types and act in many different ways. 
This provides a wide front from which 
future advances can be made, in both 
theoretical and applied endocrinology. 
It can be expected, therefore, that an 
endocrine pharmacology will develop 
comparable to the pharmacology that 
applies to the nervous system and to 
other organ systems. 
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Radiocarbon Dating 


The method is of increasing use to the archeologist, 
the geologist, the meteorologist, and the oceanographer. 


Radiocarbon dating had its origin in 
a study of-the possible effects that 
cosmic rays might have on the earth 
and on the earth’s atmosphere. We were 


- interested in testing whether any of the 


various effects which might be predicted 
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could actually be found and used. Initi- 
ally the problem seemed rather difficult, 
for ignorance of billion-electron-volt 
nuclear physics (cosmic-ray energies are 
in this range) was so abysmal at the 
time (and,:incidentally, 14 years later 
is still so abysmal) that it was nearly 
impossible to predict with any certainty 
the effects of the collisions of the multi- 
billion-volt primary cosmic radiation 
with air. 
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Formation of Radiocarbon 


However, in 1939, just before the 
war, Serge Korff of New York Univer- 
sity and others discovered that the 
cosmic rays produce secondary neu- 
trons in their initial collisions with the 
top of the atmosphere. The neutrons 
were found by sending counters, de- 
signed to be sensitive to neutrons, up to 
high altitudes, and they were found to 
have an intensity which corresponded 
to the generation of about two neutrons 
per second for each square centimeter 
of the earth’s surface. 

Whereas it was extremely difficult to 
predict the types of nuclei that might 
be produced by the billion-volt primary 
cosmic rays, the neutrons, being sec- 
ondaries, were in the million-volt energy 


- range and, therefore, subject to labora- 


tory tests. So at this point the question 
was: What will million-electron-volt 
neutrons do if liberated in the air? The 
answer to this question was already 
available—in fact, Korff noted in one 
of the papers announcing the discovery 
of the neutrons that the principal way 
in which the neutrons would disappear 
would be by forming radiocarbon. The 
reaction involved is a simple one. Oxy- 
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gen is essentially inert to neutrons, but 
nitrogen is quite reactive. Nitrogen-14, 
the abundant nitrogen isotope,. reacts 
essentially quantitatively to form car- 
bon-14 with the elimination of a proton. 
It also reacts about 1 percent of the 
time to produce tritium (radioactive 
hydrogen); this is another story, leading 
to a method of dating water and wine. 

To return to radiocarbon dating, 
knowing that there are about two 
neutrons formed per square centimeter 
per second, each of which forms a 
carbon-14 atom, and assuming that the 
cosmic rays have been bombarding the 
atmosphere for a very long time in 
terms of the lifetime of carbon-14 (car- 
bon-14 has a half-life of about 5600 
years), we can see that a steady-state 
condition should have been established, 
in which the rate of formation of 
carbon-14 would be equal to the rate 
at which it disappears to reform nitro- 
gen-14. This allows us to calculate 
quantitatively how much _ carbon-14 
should exist on earth (see Fig. 1); and 
since the two atoms per second per 
square centimeter go into a mixing reser- 
voir with about 8.5 grams of carbon per 
square centimeter, this gives an ex- 
pected specific activity for living matter 
of 2.0/8.5 disintegrations per second 
per gram of carbon. 

The mixing reservoir consists not 
only of living matter, which dilutes the 
radiocarbon, but of the dissolved car- 
bonaceous material in the oceans, which 
can exchange carbon with the atmos- 
pheric carbon dioxide and thus dilute 
it. In fact, the ocean is the larger part 
of the diluting carbon reservoir (see 
Table 1). For each square centimeter 
of the earth’s surface, there are about 
7.25 grams of carbon dissolved in the 
ocean in the form of carbonate, bicar- 
bonate, and carbonic acid, and the bio- 
sphere itself contains about 0.33 gram 
per square centimeter of surface. Add- 
ing all the elements of the reservoir, we 
get a total of 8.5 grams of diluting 
carbon per square centimeter, and the 
two carbon-14 atoms disintegrating 
every second should be contained in 
8.5 grams of carbon. Thus, the specific 
activity of living carbon should be that 
number. We find this to be the actual 
value observed, to within about 10 
percent (see Table 2). Of course, the 
times for mixing of ali parts of the 
reservoir must be short as compared 
to the average lifetime of radiocarbon, 
8000 years. The time for mixing of the 
oceans is the longest, about 1000 years 
on the average. 


622 


2 neutrons per second 


Q: 
2 atoms tormes 
der secon 


—_ 


@ atoms 


zm» Asintegrating per 
Tote! Exchangobig second 
Bs Cordon 
85 grome 
Q 
Specific Activity * 14 min” gm 


Fig. 1. Radiocarbon genesis and mixing. 


This is interesting, for it means that 
the present intensity of the cosmic radia- 
tion (unless there have been canceling 
errors in our calculations) corresponds 
to the average intensity over the last 
8000 years, the average life of carbon- 
14. It tells us, also, that the ocean is 
mixed nearly perfectly to its bottom 
depths in 8000 years. This we know 
because we included all of the dissolved 
carbon in the sea. Also, direct measure- 
ment of the carbonate and bicarbonate 
in deep ocean water confirms this. 
These conclusions could be false if 
errors in the very different quantities— 
the intensity of the cosmic rays and 
the mixing rate and depths of the 
oceans—should happen just to cancel 
one another. Since these factors are so 
unrelated, we believe this to be very 
unlikely and conclude that the agree- 
ment between the predicted and ob- 
served assays is encouraging evidence 
that the cosmic rays have indeed re- 
mained constant in intensity over many 
thousands of years and that the mixing 
time, volume, and composition of the 
oceans have not changed either. 

We are in the radiocarbon-dating 
business as soon as this has been said, 
for it is clear from the set of of assump- 
tions that have been given that organic 
matter, while it is alive, is in equilib- 
rium with the cosmic radiation—that 
is, all the radiocarbon atoms which 
disintegrate in our bodies are replaced 


Table 1. Make-up of the carbon reservoir 
(grams of carbon per square centimeter of 
surface) according to Anderson and Libby 
and W. W. Rubey. 


Anderson 


and Libby Rubey 
Ocean “carbonate” 7.25 6.95 
Ocean, dissolved organic 0.59 0.78 
Biosphere 0.33 : 
Humus 0.20 0.125 
Atmosphere 0.12 
Total 8.5 19 


by the carbon-14 contained in the food 
we eat, so that while we are alive we 
are part of a great pool which contains 
the cosmic-ray-produced radiocarbon. 
The specific activity is maintained at 
the level of about 14 disintegrations per 
minute per gram by the mixing action 
of the biosphere and hydrosphere. We 
assimilate cosmic-ray-produced carbon- 
14 atoms at just the rate that the 
carbon-14 atoms in our bodies dis- 
appear to form nitrogen-14. At the time 
of death, however, the assimilation 
process stops abruptly. There is no 
longer any process by which the carbon- 
14 from the atmosphere can enter our 
bodies. Therefore, at the time of death 
the radioactive disintegration process 
takes over in an uncompensated man- 
ner and, according to the law of radio- 
active decay, after 5600 years the car- 


bon that was in our bodies while we . 


were alive will show half the specific 
carbon-14 radioactivity that it shows 
now. Since we have evidence that this 
has been true for tens of thousands of 
years, we should expect to find that a 
body 5600 years old would be half as 
radioactive as a currently living organ- 
ism. This appears to be true. Measure- 
ments of old artifacts of historically 
known age have shown this to be so 
within the experimental errors of meas- 
urement. 


Initial Research 


The research on radiocarbon dating 
was carried out in several stages. In the 
first place, my collaborator, E. C. 
Anderson, and I had to determine 
whether the living material actually had 
the radioactivity expected. At that time 
we had no measurement techniques 
sufficiently sensitive to detect the radio- 
activities involved directly because these 
levels are quite low. Later we developed 
methods for making the measurement, 
but at that time we did not have them, 
so we used the method of concentrating 
the heavy isotope of carbon. An ap- 
paratus for this purpose had been built 
by and was being used by A. V. Grosse 
of Temple University, then of the 
Houdry Process Corporation at Marcus 
Hook, Pennsylvania. Grosse was con- 
centrating the carbon-13 isotope for 
medical tracer purposes and kindly 
agreed to try to concentrate some bio- 
logical methane for the test so crucial 


.to our research. We had to use biologi- 


cal, as contrasted with petroleum, 
methane, for we had at this point ar- 


SCIENCE, VOL. 133 


; 

de 

“ 

in 

we 

fre 

mi 

or 

cal 

tio 

Th 

an 
tio 

en 

pil 

be 

Th 

fro 

cit 

the 

| 
3 MA 


rived at a distinction between living and 
dead organic chemicals. We had both 
“dead” methane and “living” methane 
in the sense that methane from oil wells 
in which the oil has been long buried 
would be expected to be entirely free 
from radiocarbon while the methane 
made from the disintegration of living 
organic matter should contain radio- 
carbon with an activity of 14 disintegra- 
tions per minute per gram of carbon. 
The task was to take this living methane 
and concentrate it in the isotope separa- 
tion column to see whether the heavily 
enriched product was radioactive. Hap- 
pily for our research, it was found to 
be so, and to about the expected degree. 
The material used was methane gas 
from the sewage disposal plant of the 
city of Baltimore. 

The second stage of the research was 
the development of methods of meas- 
urement sufficiently sensitive to elimi- 


nate the use of this $10,000 thermal- 
diffusion isotope column, which was so 
expensive to operate that it cost thou- 
sands of dollars to measure the age of a 
single mummy. Obviously, radiocarbon 
dating would have been an impractical 
method of measuring archeological ages 
if this phase of the research had been 
unsuccessful. 


Counting Technique 


The counting method developed in- 
volves measuring the radioactivity of 
the carbon directly. We convert the 
samples by chemical methods into a 
suitable form—carbon dioxide or acety- 
lene gas or even solid carbon—which 
then is placed inside a Geiger or propor- 
tional counter, where it itself constitutes 
the gas or lies on the inner counter 
wall. This is possible because carbon 


Fig. 2. Radiocarbon counting apparatus, 
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as lampblack is an electrical conductor, 
and the gases carbon dioxide and acety- 
lene are satisfactory counter gases. In 
this way a maximum count rate is 
achieved. 

The counter itself is shielded from the 
background radiations in order to ac- 
centuate the carbon-14 count. A typical 
shield is shown in Fig. 2. It consists of 
8 inches of iron to absorb the radia- 
tions from terrestrial sources, such as 
uranium, thorium, and potassium. The 
cosmic rays, however, which consist at 
sea level largely of »-mesons, penetrate 
the thick iron shield readily, and where- 
as the count rate in the absence of the 
shield is about 500 counts per minute, 
the rate is decreased to about 100 
counts per minute by the iron shield. 
This remaining activity, due in main 
part to »-mesons, has to be removed. In 
order to do this, we surround the coun- 
ter, with the carbon dating sample in it, 
with a complete layer of Geiger coun- 
ters in tangential contact with one 
another and wire them so that when any 
one of these counters counts, the central 
counter with the dating sample is turned 
off for about one thousandth of a sec- 
ond. In this way the »-mesons are elim- 
inated from the record, so the back- 
ground radiation comes down to some- 
thing between 1 and 6 counts per 
minute, depending on the details of 
counter and shield design. This is for a 
counter of about | liter volume, capable 
of holding up to 5 grams of carbon 
with counting rates of 75 counts per 
minute for living carbon, 37.5 counts 
for 5600-year-old carbon, and 18.7 and 
0.7 count, respectively, for 11,200-year- 
old and 56,000-year-old carbon. 

After we had developed a technique 
for measuring natural carbon relatively 
inexpensively with the requisite ac- 
curacy, our next job was to determine 
whether the following assumption was 
sound: that the variation of radiocarbon 
production due to the variation of the 
cosmic rays with latitude (which is very 
strong indeed) would be wiped out by 
the movement of the winds and the 
ocean currents in the 8000-year lifetime 
of carbon-14. The plan was to measure 
living materials from various places on 
earth and to see whether they had the 
same radiocarbon content per gram of 
carbon. These data on the natural 
abundance of radiocarbon in the earth 
were presented by E. C. Anderson for 
his doctoral thesis at the University of 
Chicago. They showed no appreciable 
differences, even though the samples 
came from places varying in latitude 
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Fig. 3. (Above) Human hair, 5020 + 290 
years old, of an Egyptian woman. (Right) 
Preglacial wood, more than 20,000 years 
old, from a glacial moraine in Ohio. 


from near the South Pole to near the 
North Pole (Table 2) (/). At the present 
time, 10 years later, no evidence for 
variation has been found except in areas 
of extensive carbonate deposits where 
the surface waters may carry a con- 
sidezable amount of old carbon dis- 
solved, and thus reduce the carbon-14 
level below the world-wide average for 
the biosphere-atmosphere-ocean pool as 
a whole. Fortunately, such conditions 
are relatively rare and generally easily 
recognized. 


Dating Technique 


After the study of the natural oc- 
currence of radiocarbon, the next stage 
was to see whether we had a method of 
dating artifacts of a known age, a prob- 
lem which led us to mummies. J. R. 
Arnold joined us at this stage. We had 
a decay curve drawn which predicted, 
with no unknown factors and no adjust- 
able constants, the specific activity of 
ancient organic matter. And so the 
question was to see whether it worked. 
The first thing we had to do, of course, 
was ‘to get the materials for measure- 
ment. This was done by enlisting the 
cooperation of the American Anthropo- 
logical Association and the Geological 
Society of America. Geologists have 
been quite interested in the results of 
this dating technique from the begin- 
ning, even though its reach in time is 
short for many of their problems. A 
committee of advisers, consisting of 
Donald Collier, Richard Foster Flint, 
Frederick Johnson, and _ Froelich 


Rainey, was appointed to select the 
samples for us and to help us collect 
them. These gentlemen worked hard 


for several years, assisting and collect- 
ing the samples and advising us. 

The research in the development of 
the dating technique consisted of two 
stages—dating of samples from the 
historical and the prehistorical epochs, 
respectively. Arnold and I had our first 
shock when our advisers informed us 
that history extended back only for 
5000 years. We had thought initially 
that we would be able to get samples 
all along the curve, back to 30,000 
years before the present; we would put 
the points in, and then our work would 
be finished. You read statements to the 
effect that such and such a society or 
archeological site is 20,000 years old. 
We learned rather abruptly that these 
numbers, these ancient ages, are not 
known accurately; in fact, the earliest 
historical date that has been established 


with any real certainty is about the 


time of the Ist Dynasty in Egypt. So . 


we had, in the initial stages, the op- 
portunity to check against samples of 
known age, principally Egyptian arti- 
facts, and in the second stage we had 
to go into the great wilderness of pre- 
history to see whether there were ele- 
ments of internal consistency which 
would lead one to believe that the 
method was sound or not. 

For the prehistoric period, members 
of our committee set up a network of 
problems which were designed to check, 
in as many ways as possible, points of 
internal consistency. They set out about 
a dozen major projects, and we col- 
lected samples (see Fig. 3) from each of 
these projects and worked hard and 
measured them; similar measurements 
are still going on now, 10 years later. 


Table 2. Activity (in disintegrations per minute per gram) of samples from the terrestrial 


biosphere. 
Geomagnetic Absolute specific 
latitude 

White spruce, Yukon 60°N 14.84 + 0.30 
Norwegian spruce, Sweden 55°N 15.37 + 0.54 
Elm wood, Chicago 53°N 14.72 + 0.54 
Fraxinus excelsior, Switzerland 49°N 15.16 + 0.30 
Honeysuckle leaves, Oak Ridge, Tenn. 47°N 14.60 + 0.30 
Pine twigs and needles (12,000-ft alt.), Mount Wheeler, N.M. 44°N 15.82 + 0.47 
North African briar 40°N 14.47 + 0.44 
Oak, Sherafut, Palestine 34°N 15.19 + 0.40 
Unidentified wood, Teheran, Iran 28°N 15.57 + 0.31 
Fraxinus mandshurica, Japan 26°N 14.84 + 0.30 
Unidentified wood, Panama 20°N 15.94 + 0.51 
Chlorophora excelsa, Liberia 11°N 15.08 + 0.34 
Sterculia excelsa, Copacabana, Bolivia (9000-ft alt.) 1°N 15.47 + 0.50 
Ironwood, Majuro, Marshall Islands 0° 14.53 + 0.60 
Unidentified wood, Ceylon 2°S 15.29 + 0.67 
Beech wood, Tierra del Fuego 45°S 15.37 + 0.49 
Eucalyptus, New South Wales, Australia 45°S 16.31 + 0.43 
Seal oil from seal meat from Antarctica 65°S 15.69 + 0.30 
Average 15.3 +0.1 
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Curve for Samples of Known Age 


Figure 4 shows the curve of “knowns” 
—the results obtained for samples of 
known age as compared to the carbon- 
14 decay curve drawn with the value of 
14 disintegrations per minute (the value 
for living matter) taken as unity and 
with a half-life of 5568 + 30 years. 
The half-life itself was measured in 
1949 in collaboration with A. G. Engel- 
kemeir, W. H. Hamill, and M. G. 
Inghram and found to be 5580 + 45 
years, a value which, when combined 
with independent values of 5589 + 75 
obtained by W. M. Jones and 5513 + 
165 obtained by W. W. Miller, R. 
Ballentine, W. Bernstein, L. Friedman, 
A. O. Nier, and R. D. Evans, gave 
5568 + 30 by weighting according to 
the inverse square of the errors quoted. 
Remeasurements are now being made, 
by Mann at the National Bureau of 
Standards in Washington and by Olsson 
at the University of Uppsala. 

The knowns are in two main groups— 
those measured by us at the University 
of Chicago and those measured by Miss 
Ralph at the University of Pennsylvania, 
labeled (C) and (P), respectively. One 
sample, “Pompei,” was measured by E. 
A. Olson and W. S. Broecker of the 
Lamont Geological Observatory. 

The oldest samples of known age 
measured were “Hemaka” and ‘“Zet” 
from the Ist Dynasty in Egypt. Both 
were wood found in the subterranean 
brick structures of the Ist Dynasty 
tombs of the Vizier Hemaka and of 
King Zet, both at Saqqara. Hemaka was 
contemporaneous with King Udimu, 
and both tombs were generally agreed 
to date from 4900 + 200 years before 
the present. The next oldest samples 
were cedar wood from the upper cham- 
ber of the Southern Pyramid of Sneferu 
at Dahshur. The next sample, marked 
“Sesostris,” is a very interesting one. It 
is a part of the deck of the funeral 
ship which was placed in the tomb of 
Sesostris III of Egypt and is now in the 
Chicago Museum of Natural History. 
It is about 20 feet long and six feet 
wide and is quite an imposing object, 
complete with paddles. The next sample 
is “Aha-nakht.” It consists of wood, 
probably cedar, from the outer sar- 
cophagus of Aha-nakht, at El Bersheh. 
It was found in the tomb, which was 
covered with earth. The coffin was pre- 
sumably excavated by the natives at the 
same time as the El Bersheh coffin ob- 
tained for the British Museum by 
E. A. W. Budge, after 1895. 

As we proceed up the curve, the next 
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Fig. 4. Curve of knowns. 


sample is the heartwood of one of the 
largest redwood trees ever cut. The tree 
was known as the “Centennial Stump,” 
felled in 1874. There were 2905 rings 
between the innermost (and 2802 rings 
between the outermost) portion of the 
sample and the outside of the tree. 
Therefore, the known mean age, deter- 
mined according to the tree-ring method 
of Douglas, was 2928 + 51 years, as of 
the time it was cut. This is an inter- 
esting point, as it shows that, in the 
heartwood of the Sequoia gigantea at 
least, the sap is not in chemical equilib- 
rium with the cellulose and other large 
molecules of the tree. In other words, 
the carbon in the central wood was 
deposited there about 3000 years ago, 
although the tree itself was cut just a 
few years ago. The next sample, which 
is marked “Tayinat,” is from a house in 
Asia Minor which was burned in 675 
B.c. It was wood from the floor of a 
central room in a large hilani (“palace”) 
of the “Syro-Hittite” period in the city 
of Tayinat in northwest Persia. ° Its 
known age is 2625 + 50 years. 

The next sample is the linen wrap- 
ping of one of the Dead Sea scrolls, the 
Book of Isaiah, which was found in 
Palestine a few years ago (Fig. 5). The 
next sample, labeled “Pompei,” was 
carbonized bread from a house of 
ancient Pompeii; still looking like an 
overdone roll, it was charred by the 
volcanic ashes that buried the city in 


79 a.D., roughly 1880 years ago. The 
other samples are wood, dated by the 
Douglas tree-ring-counting technique. 
When results from these samples are 
taken all together, the agreement with 
the predicted radiocarbon content seems 
to be satisfactory. The errors are given 
as the counting errors (standard devia- 
tions) only. 

It is certainly possible that the decay 
curve, which is drawn on the basis of 
a _ half-life of 5568 years, could be 
drawn somewhat differently. However, 
it is well to know that all radiocarbon 
dates published today have been calcu- 
lated on this half-life, and in order to 
avoid confusion we should be careful 
about changing the basis of the calcula- 
tion of radiocarbon ages before the 
evidence for a change in half-life is 
definite. The curve of knowns seems to 
indicate that a slightly longer half-life 
might be permissible. However, there 
are other possible explanations of a de- 
viation of the curve of knowns from the 
theoretical curve. We all await the 
results of the half-life researches of 
Mann and Olsson with great interest. 


Perturbations 


It has been observed that fossil 
carbon dioxide from the combustion of 
coal and oil, after about 1870, began 
to dilute the biosphere and to reduce 
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Fig. 5. (Left) Peruvian rope, 2632 + 200 years old. (Right) Linen wrapping, 1917 + 200 years old, of the Book of Isaiah, one of the 
Dead Sea scrolls. 


the radiocarbon content, and that the 
trend continued until 1954, when the 
explosion of atomic devices reversed it. 
The carbon-14 introduced by the neu- 
trons produced in the explosions more 
than compensated for the reduction by 
the fossil carbon—a reduction which at 
that time had amounted, in the North- 
ern Hemisphere, to about 3 percent of 
the primeval level as far back as it has 
been possible to measure it, from tree 
rings. H. L. de Vries. and Hans E. 
Suess have been particularly active in 
research on this point. It was Suess, in 
fact, who discovered that fossil carbon 
dioxide had been reducing this specific 
activity in recent biospheric material, 
since 1870. 

Broecker and Olson have made care- 
ful studies of the carbon-14 content of 
ancient woods as well. And the gen- 
eral result is that there appear to have 
been, prior to 1870, only very minor 
variations, of the order of 1 percent 
or less, in the radiocarbon content of 
living matter. The recent perturbations 
are of no great concern for archeologists 
and geologists now living. Of course, in 
the future it will be difficult to correct 
for the period when these perturbations 
were active; that is, 5000 years from 
now there may be some difficulty in 
understanding why, for a period of a 
century or so, beginning in 1870, the 
radiocarbon level was so perturbed. 
However, the written records may well 
explain the anomaly; in fact, radiocar- 
bon dating as such may not be needed 
to establish historical fact. 


Dating the Last Ice Sheet 


After the curve of knowns had been 
drawn, the next step in the research 
was to test in the great periods of pre- 
history to see whether the dates ob- 
tained were reasonable. Perhaps the 
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most interesting single general result 
for this prehistoric period is the time 
in which the last ice sheet moved down 
to cover the northern part of the United 
States and the European continent. The 
result, 11,400 + 200 years, has now 
been well established by the radiocarbon 
technique. The radiocarbon dates for 
this cataclysmic development show that 
it happened simultaneously in Europe 
and in North America and that the 
phenomenon was very widespread, and 
that it had a tremendous impact on the 
living habits of people the world over. 
The oldest sign of man in northern 
Europe and in England is younger than 
this, presumably because of the 
thoroughness with which the glacier re- 
moved all sorts of human artifacts. 
Therefore, the oldest of the Scandinav- 
ian, the English, and the North Ameri- 
can occupation sites are all about 10,- 
400 years old, dating back, presum- 


_ably, to the time when the ice sheet re- 


ceded. 

In Fig. 6 are plotted, for the Ameri- 
cas, the number of occupation sites 
versus age. It is quite clear that there 
is an abrupt discontinuity at about 
10,400 years. In Europe, however, if 
instead of examining sites in the north- 
ern regions we look at sites in the 
Mediterranean basin, there is no dis- 
continuity, and evidences of human 
occupation extend back as far as the 
radiocarbon dating technique can reach 
—50,000 years or so. There seems to 
be some contrast between this and the 
situation in the Americas, where, as 
shown in Fig. 6, one sees a decided 
difference in the total number of sites 
in preglacial times. In view of the fact 
that it is known that extensive areas of 
the Americas were not glaciated by the 
last ice sheet, this raises something of 
a question. There is, of course, the defi- 
nite possibility that this is pure accident, 
and it even seems possible that we do 


now have human sites in the Americas 
which are definitely older than 10,400 
years. However, the weight of the 
evidence seems to indicate that some- 
thing in the nature of a discontinuity oc- 
curred at that time. Most of the sites 
that are older than 10,400 years are 
equivocal in one way or another, at 
least so it seems to the chemist or 
physicist who overhears the archeolo- 
gists arguing about them. We have 
noticed that there is considerable una- 
nimity of opinion about American 
sites of 10,400 years or younger being 
human sites, whereas, there is con- 
siderable discussion and debate con- 
cerning the older sites. This is not true 
in Southern Europe and Asia Minor. 
One of the most remarkable of the 
sites in Europe is the Lascaux Cave in 
Central France, which has the beautiful 
paintings on the walls, showing the 
ancient animals in such authentic style 
as to demonstrate the remarkable ad- 
vancement of the culture of the people 
at that time. These paintings are pre- 
sumably older than 15,000 years, the 
age determined for the charcoal found 
in the soil of the cave. Around Asia 
Minor and in the areas of the Middle 
East there is no scarcity of materials 
which date back as far as radiocarbon 
dating can reach, and there is consider- 
able evidence that the sites are human 
sites. 


In Geology, Oceanography, and 
Meteorology 


In addition to its use in the work on 
human history, radiocarbon dating has 
been used for geological purposes to a 
considerable extent. Of course, the time 
span of radiocarbon is so short, as 
compared to the history. of the earth, 
that most geological problems are out- 
side the reach of the technique. But 
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recent history and recent events do fall 
within its scope, and there have been a 
number of investigations, in particular 
the sorting out and measuring of the 
chronological events of the recent ice 
ages—that is, the relative times of arri- 
val of the various ice advances and the 
periods of time between them, the 
points of simultaneity, and the identifi- 
cation of particular moraines with 
particular advances. On these points, 
small and perhaps relatively unimpor- 
tant as they are, the geologists have 
found radiocarbon dating to be of some 
use. 

In oceanography, the great question 
of the rate of mixing of the oceans has 
yielded to the radiocarbon technique 
to a considerable extent, particularly 
in the hands of Suess and of Broecker 
and Olson—Suess particularly in the 
Pacific and Olson and Broecker in the 
Atlantic. They have shown that the 


Pacific mixes relatively less rapidly, the. 


turnover time being something between 
1500 and 2000 years, whereas the 
Atlantic mixes relatively more rapidly, 
at a rate about twice this, or with a 
750- to 1000-year turnover time. It is 
clear from these researches that the 
fundamental assumption of radiocarbon 
dating, that the reservoir of the sea 
must be counted as a diluent for the 
cosmic-ray carbon-14, is valid. Further. 
it has been shown by Suess that there 
will be opportunities of measuring the 
deep ocean currents. He finds evidence 
for velocities and directions of the deep 
ocean currents in the Pacific corre- 
sponding to a requirement of some 
hundreds of years for the passage north- 
ward along the bottom. 

In meteorology, radiocarbon dating 
has been of some use. It has been inter- 
esting to observe the changes in the 
radiocarbon content in living matter 
near large industrial centers where the 
rate of production of carbon dioxide 
from coal and oil was highest, and also 
to observe the dissemination of the 
radioactive carbon made by atomic 
explosions in the atmosphere. From 
these things we know that world-wide 
mixing occurs. We observe the effects 
of changes generated very largely in the 
Northern Hemisphere quite clearly in 
the Southern Hemisphere, though they 
are reduced somewhat in ‘intensity. This 
is the first time that there has been 
clear and incontrovertible evidence for 
such a world-wide circulation, and on 
a time scale of a very few years; such 
evidence is particularly clear in the 
case of the bomb-test carbon-14. 
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In Archeology 


Of course, the main use of radio- 
carbon dating is in archeology and the 
investigation of the history of man 
through the use of chemistry, for most 
ancient men did not write, and we have 
no written records except in Egypt, in 
Asia Minor, and in limited areas of 
Central America. Yet it is perfectly 
clear that 10,000 and more years ago 
people lived in a way that indicates they 
rivaled modern man in intelligence and 
capabilities. We have just to look at 
their handiwork to see this. The paint- 
ings in the Lascaux Cave, the handi- 
work of the ancient Indians in North 
America—particularly the basketry and 
the very skillfully made arrowheads 
(Fig. 7)—attest to their great capabili- 


ties. Where they came from perhaps - 


we do not know, but we do know that 
they were very. intelligent and very 
capable people. 

Last spring, on Santa Rosa Island off 
the coast of California, friends of mine 
found a 6-foot skeleton, 10,400 years 
old, to judge by the radiocarbon meas- 
urements of Broecker of Lamont Geo- 
logical Observatory on some charcoal 
found next to the skeleton. This is the 
same 10,400-year date which we have 
observed so often and which now marks 
the early evidence of man in Santa 
Rosa Island; the Lindenmeier site in 
Colorado; the Clovis site; the Lamus 
Cave in eastern Nevada on the Utah- 
Nevada border, continuously occupied 


from the time of the melting of the 
last glacier 10,400 years ago down to 
the time when modern man came into 
the area; the Fort Rock Cave in Ore- 
gon, where the most beautiful basketry 
of ancient man was discovered—grass 
rope woven into sandals (Fig. 8, left) of 
beautiful shape and design, 300 pairs 
of them neatly stacked just as though 
in a community shoe store 9000 years 
old; and several other sites in the 
Americas. We see in this the evidences 
that man has been a long time learning 
to write history but has been making 
history for many thousands and perhaps 
tens of thousands of years. 

In Central Europe the element of 
simultaneity, which is revealed by the 
radiocarbon dates for the people who 
did not write or leave records, estab- 
lishes conflicts and clashes between 
cultures which are interesting to ex- 
amine and speculate upon. The Ne- 
anderthal man and the Cro-Magnon 
man did not stay long together. The 
Neanderthal man disappeared, and the 
Cro-Magnon man won; he may have 
been the man who painted the beautiful 
Lascaux Cave paintings, as I under- 
stand it from the archeologists. 

We learn various details about the 
ancient peoples. For example, in the 
time of Hammurabi, the Babylonian 
king, there was an accurate calendar, 
but we have been uncertain about the 
correlation of this calendar with our 
own. This calendar of the Babylonians 
was a very good one, but there is an 
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Fig. 6. Number of human sites in the Americas plotted against age. 
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uncertainty which, as I understand it, 
concerns the identification of a par- 
ticular eclipse as we calculate it back- 
wards in time in order to arrive at a 
correlation with our own calendar. 
Therefore, careful measurements were 
made on a portion of a house about 
4000 years old that was precisely dated 
by the Babylonian calendar. In this 
case, a serious attempt was made to test 
the limit of sensitivity of the radio- 
carbon dating method. The sample of 
wood came from a beam from the roof 
of this house in Nippur, which bore a 
clear and legible date according to the 
Hammurabian calendar. The beam was 
divided into three equal portions; these 
were carefully measured (the total 
measurement time was three months), 
and the results for the three portions 
were then coordinated to obtain a defi- 
nite answer as to which of the two most 


likely correlations of the Christian and 
Babylonian calendars was correct. We 
concluded that the younger of the two 
possible calendars was strongly favored 
and that the odds against the other 
being correct were something like 9 
tool, 

With the advancement of the radio- 
carbon dating technique and the con- 
sequent increase in accuracy, at least 
of the relative dates, it is possible to do 
more of these difficult jobs of pinpoint- 
ing past events in time so as to drive 
back history into prehistoric periods 
and to more clearly delineate what 
really did happen in the development 
of man. Determination of the chronol- 
ogy of ancient civilizations may be said 
to be the main archeological problem 
and task of radiocarbon dating. As the 
technique is developed further and 
more fully and is more widely used, it 


Fig. 7. (Left) Rush matting 3000 + 250 
years old, from a Nevada cave. (Above) 
Replicas of North American arrowheads 
from 10,000-year-old sites. 


should be possible to excavate and 
utilize sites which are now hardly more 
than dark spots in some remote area. 
Charcoal is one of the best materials 
for radiocarbon dating, provided ade- 
quate care is taken to see that intrusive 
rootlets and humic acids are removed 
before measurements are made. 

We intend, at the University of Cali- 
fornia, Los Angeles, to attempt to make 
a portable radiocarbon dater which 
will allow us to work in the field with 
the archeologists and geologists and 
thus to obtain dates which, though not 
as accurate as those which would be 
obtained in the laboratory, may be use- 
ful enough to serve as guides during 
the digging. The problem is to find a 
truck that will carry the rather heavy 
equipment over rough country. If this 
effort is successful, it will be a develop- 
ment which will bring the carbon daters 


Fig. 8. (Left) Rope sandal found in eastern Oregon cave 
9035 + 325 years old. (Above) Dung of an extinct 
ground sloth, 10,455 + 340 years old. 
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and the archeologists and geologists 
even Closer together. Of all the rewards 
of research, none is greater than that of 
meeting people in different fields and 
finding interests in common. It will be 
most refreshing and rewarding for the 
radiocarbon daters to go out and share, 
at least vicariously, in the great thrill 
of an archeological dig. 


Accuracy of the Results 


The many people who have contrib- 
uted to the development of the radio- 
carbon dating technique (several of 
whom I have mentioned but many of 
whom I have been unable to mention) 
are largely responsible for whatever 
success it has had. We now have several 
thousand radiocarbon dates throughout 
the fields of archeology, geology, mete- 
orology, oceanography, and other areas. 
From examination of the results it is 


possible to form an opinion as to the. 


general reliability and general weak- 
nesses of the method. I am sure that 
Arnold would agree with me in saying 


that it has lived up to our fondest 
hopes. 

It was clear from the beginning that 
there would be difficulties about the 
samples. Anyone knows that it is pos- 
sible to get dirt into solid matter which 
is lying in the ground, even if it is there 
only for a brief period, let alone many 
thousands or tens of thousands of years. 
The saving aspect of the situation, how- 
ever, is that it is very much more diffi- 
cult, to mix molecules in such a way 
that they cannot be separated chemi- 
cally, particularly in the case of sub- 
stances such as charcoal and wood and 
cloth, and even, in certain instances, 
limestone and shale. One can separate 
and distinguish the contaminant from 
the original material and in this way 
disclose the real radiocarbon content. 
The researches of a number of people 
have validated the assumption that it is 
possible and that, indeed, it is not too 
difficult to obtain authentic samples in 
the field. In general, the samples may 
have to be inspected with some care 
under a relatively high-powered glass 
and then, possibly, treated with properly 


Science in the News 


Kennedy on Natural Resources: 
His Program Covers Same Ground 
as Ike’s, but on a Larger Scale 


The Kennedy message on natural 
resources placed heavy emphasis on 
the role of the scientific community. 
The message proposed comparatively 
little spending for the coming fiscal 
year (1962), beginning this July. A 
spokesman for the Administration 
said he considered an extra $100 mil- 
lion above Eisenhower’s recommenda- 
tions a reasonable guess. If Congress 
is cooperative, spending will surely be 
higher than this. But spending, in any 
case, will involve fairly small sums by 
the standard of the federal budget, 
and small also compared with what the 
program implies Kennedy would like 
to do in the years to follow. 
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Most of the recommendations for 
the coming year have to do with or- 
ganizing a national attack on the prob- 
lem of resources. Kennedy asked the 
National Academy of Sciences for a 
“thorough and broadly based study 
and evaluation of the present state of 
research.” He said he wanted the Acad- 
emy’s recommendation for research 
programs affecting the “conservation, 
development, and use of natural re- 
sources, how they are formed, replen- 
ished, and may be substituted for, and 
giving particular attention to needs 
for basic research and to projects that 
will provide a better basis for natural 
resources planning and policy formu- 
lation.” This study will take about a 
year and will cost about $1 million. Its 
full impact will not show up until the 
fiscal °64 budget, which must be pre- 


chosen chemicals. But all of these things 
can be done, with techniques that are 
no more difficult than those used by 
the average hospital technician, and a 
sample can be obtained which should 
give authentic radiocarbon dates. The 
dating technique itself is one which 
requires care, but which can be carried 
out by adequately trained personnel 
who are sufficiently serious about it. It 
is something like the discipline of sur- 
gery—cleanliness, care, seriousness, and 
practice. With these it is possible to ob- 
tain radiocarbon dates which are con- 
sistent and which may indeed help roll 
back the pages of history and reveal 
to mankind something more about his 
ancestors and thus, perhaps, about his 
future. 


Note 


1. Our whole research was supported generously 
by the Viking Fund of New York City (now 
the Axel Wenner-Gren Foundation), the U.S. 
Air Force, the Geological Society, the Gug- 
genheim Foundation, and, of course, the Uni- 
versity of Chicago, where most of it was done. 
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sented to Congress in January ’63. 
Meanwhile, Kennedy asked the Fed- 
eral Council for Science and Technol- 
ogy to recommend what can be done 
more quickly “to strengthen the total 
government research effort relating to 
natural resources.” 

The message included the by now 
familiar emphasis on oceanography. 
(The Democratic platform and _ the 
State of the Union message also in- 
cluded specific references to this, a 
continuation of an effort begun under 
the Eisenhower Administration to draw 
attention to the field.) The problem has 
been that the science, or the group of 
sciences collectively known as ocean- 
ography, has had difficulty winning 
Congressional support partly because 
it lacks the glamor and the obvious 
connection with national security that 


- space and atomic energy research have, 


partly because responsibility for the 
program is scattered throughout the 
dozen or so government agencies with 
an interest in one phase or another of 
oceanography. 


Presentation to Congress 


One result has been that there is no 
single Congressional committee in 
either house with the authority to ap- 
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propriate money for the whole pro- 
gram, and few of the committees have 
much interest in an area which is often 
apart from the major role of the agency 
asking for the money. 

The most talked of example of this 
is the problem the Weather Bureau, 
which is part of the Department of 
Commerce, has had in getting even a 
comparatively small amount of money 
to do research on the effects of the 
ocean on the weather. The appropria- 
tions subcommittee with responsibility 
for the Department of Commerce has 
comparatively little interest to begin 
with in the Weather Bureau, and none 
at all in proposals of the Weather 
Bureau to do research in the oceans. 
When the committee begins looking 
for ways to cut the budget it is not sur- 
prising that it immediately questions 
the necessity of the Commerce Depart- 
ment supplying the Weather Bureau 
with several hundred thousand dollars 
to do research in the oceans. 

A report on the problem appeared 
in Science (27 May 1960) and at the 
time there was talk of working out an 
arrangement for a single government 
office to present the whole program. 
Kennedy’s natural resource message 
said something like this would be done, 
although it is not clear whether the 
effort can really be effective without 
changes in the law. 


Fragmented Program 


What the administration has in 
mind is to prepare a booklet bringing 
together all the pieces of the oceanog- 
raphy program now scattered through 
the budget, in the hope that this will 
make the appropriations subcommit- 
tees aware of the full range of the pro- 
gram. The Federal Council on Science 
and Technology, an arm of the Presi- 
dent’s office, would press the individual 
agencies to support their share of the 
program, a necessity since one of the 
problems has been that although ocean- 
ography has to come to enjoy high na- 
tional priority, the segments of the 
program within individual agencies may 
have a very low priority in the agency 
programs. The work of the Federal 
Council would be a continuation of an 
effort begun under Eisenhower. 

Finally, the Administration would 
present the program to the full Ap- 
propriations Committee. The presenta- 
tion to the full committee, like the 
pamphlet, would be aimed at giving 
members of the subcommittees re- 


sponsible for parts of the program a 
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picture of the program as a whole. 

If such methods turn out to be ef- 
fective they will probably be adopted 
for other programs, such as meteor- 
ology, which also are fragmented among 
a number of federal agencies. But a 
really effective solution of the problem 
may require changes in budget pro- 
cedures, permitting a single agency to 
present the whole program to a single 
appropriations subcommittee, and then 
to assign funds for the parts of the 
program to the various departments. 


Opposition to Reform 


It would be hard to push such a re- 
form through Congress, for any re- 
arrangement of power over appropria- 
tions necessarily ‘takes a little power 
away from some subcommittees and 
gives it to others. This makes it difficult 
to work out a reorganization, and the 
difficulty is compounded by the usually 
correct assumption that the drive be- 
hind the executive’s pressure for re- 
organization is to make it easier for 
the Administration to get what it wants 
from Congress. This means that the 
relative power of the legislative branch 
is reduced and not only runs into Con- 
gress’ disinclination to part with its 
prerogatives, but more importantly, 
arouses the opposition of conservatives 
in and out of Congress who, again 
usually correctly, feel that anything 
that makes Congress more efficient 
simply means more federal spending 
and a further expansion of federal 
powers. 

In the face of such difficulties the 
Administration apparently does not in- 
tend to try for major reforms in budget 
procedures this year, when it already 
has its hands full trying to push through 
such things as the aid-to-education pro- 
gram. It is likely, though, that the at- 
tempt will be made during Kennedy’s 
term. It would require a major effort 


_ by the President to arouse popular de- 


mand for reform, probably on the 
grounds that since present methods 
are inefficient, reforms would there- 
fore save a great deal of money. 


Resources Message 


In general, the message on natural 
resources drew less public attention 
than any of the earlier ones: it con- 
tained neither a proposal so hotly de- 
bated as the aid for teachers’ salaries 
of the education message or the medical 
insurance for the aged of the health 
message, nor did it deal, as did the 
messages on the economy and the gold 


situation, with a problem that-has been 
regularly making headlines. The mes- 
sage, in fact, was designed no more to 
present a program to deal with a prob- 
lem than to draw the public and Con- 
gress’ attention to the fact that a prob- 
lem exists. 

“Our entire society,” the message 
said, “. . . is dependent upon our water, 
our land, our forests, and our minerals. 
How we use these resources influences 
our health, security, economy, and well 
being. . . . If we fail to use these bless- 
ings prudently, we will be in trouble 
within a short time. In the resource 
field, predictions of future use have 
been consistently understated. But even 
under conservative projections, we 
face a future of critical shortages and 
handicaps. By the year 2,000, a United 
States population of 300 million— 


nearly doubled in 40 years—will need . 


far greater supplies of farm products, 
timber, water, minerals, fuels; energy, 
and opportunities for outdoor recrea- 
tion. Present projections tell us that 
our water use will double in the next 
20 years; that we are harvesting our 
supply of high-grade timber more rapid- 
ly than the development of new growth; 
that too much of our fertile topsoil is 
being washed away; that our minerals 
are being exhausted at increasing rates; 
and that the Nation’s remaining un- 
developed areas of great natural beauty 
are being rapidly preempted for other 
uses.” 

The message offered several dozen 
proposals covering these problems, and 
Administration spokesmen said that 
draft legislation would be soon sent to 
Congress. But the general purpose was 
to “bring together in one message the 
widely scattered resource policies of 
the federal government.” On a larger 
scale, its purpose was essentially the 
same as the proposal to present a unified 
program on oceanography: to make 
Congress and the public aware of the 
need for a coherent national policy to 
deal with all the interrelated areas 
dealing with resources, and so to lessen 
the chance of the parts of the program 
being lost amidst the sea of often con- 
flicting or overlapping legislation Con- 
gress must deal with each session. 


Environmental Health 


A substantial share of the message 
was devoted to the problems of air and 
water pollution, which it said had 
already reached alarming proportions. 
The nation is spending $350 million a 
year on municipal waste treatment 
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works, a substantial sounding sum of 
money, but Kennedy said that nearly 
twice as much, $600 million a year, is 
necessary just to keep pace with the 
growing rate of pollution. 

The message charged that industry 
is “lagging far behind” in its treatment 
of wastes. It asked, as did the Eisen- 
hower budget message, for stronger 
federal powers to deal with “serious 
pollution situations of national signifi- 
cance.” It said air pollution is not only 
a growing health menace but that it 
causes an estimated $7.5 billion a year 
damage to vegetation, livestock, metals, 
and other materials, and although a 
great deal of this lies beyond any con- 
trol measures now feasible or even 
imagined, Kennedy recommended a 
major research effort to see what can 
be done to lessen the damage. He pro- 
posed a special unit to be organized by 
the Public Health Service to devote it- 
self to the problem of air and water 
pollution, and recommended increases 
in the levels of federal grants to city 
and state governments for pollution 
control projects. 

The Eisenhower budget message in- 
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cluded proposals, although on a smaller 
scale, along much the same lines. The 
idea of presenting a unified oceanogra- 
phy program to Congress, a proposal 
an Administration spokesman pointed 
to when asked what there was in Ken- 
nedy’s message that was really new, 
grows out of an effort begun by the 
old Administration. Nearly all of the 
problems Kennedy described in his spe- 
cial message were touched on in Eisen- 
hower’s final budget. 

How then, the spokesman was asked 
at a background briefing for the press, 
did the Administration see its policies 
as compared to Eisenhower’s. “The pre- 
vious Administration,” he said, “recog- 
nized problems, but then only did 
enough to be able to say they were do- 
ing something; this Administration is 
really addressing itself to the problem.” 
The Eisenhower view was that his Ad- 
ministration was indeed addressing the 
problem but at the same time was pre- 
serving a “sound balance” in the role 
of the federal government by restrict- 
ing the programs to what seemed 
“necessary rather than merely de- 
sirable.”—H.M. 


News Notes 


“The Dark Fence”: Radar Screen 
Detects Orbiting Objects 


The Navy has announced that the 
so-called “dark fence” will be com- 
pleted later this year. It has been in par- 
tial operation for some months. 

The screen will be created by a 
500,000-watt transmitter (three small- 
er transmitters are now in operation) 
emitting a broad, thin radio curtain 
across the continent from southern 
California to Georgia. Reflections of 
objects in near space are picked up by 
gigantic receiver arrays, such as that 
illustrated. Data are fed into computers, 
and the orbits can be calculated. The 
system makes it possible to detect and 
track nonradiating satellites passing 


over this country. Navy officials said 
that even in its present partially com- 
pleted form the system has detected 
and tracked a piece of wire 15 feet long 
orbiting at a height of 400 miles. The 
wire was debris from U.S. satellite. 


fence” satellite detecting system, near San Diego, Calif. [U.S. Navy] 
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News Briefs 


Polish-English translation. One of the 
objections which has been raised to 
cover-to-cover translation of scientific 
periodicals has been the time lag be- 
tween the issuance of the original and 
the appearance of the translation. A 
first attempt to accomplish simultaneous 
publication of an original and its trans- 
lation has now become possible under 
a Polish-English translation program 
administered by the National Science 
Foundation. 

Beginning with the January 1961 is- 
sue (vol. 8, No. 1), an English edition 
of each issue of Acta Biochimica Polo- 
nica will appear at the time that the 
issue in Polish is available. The English 
edition will be prepared and printed in 
Poland and will be distributed free to 
those libraries which now receive trans- 
lations from the National Library of 
Medicine under the PL 480 program. 

Teen-agers. Tee. agers are bigger 
than they used to be. Insurance figures 
show that among boys 15 to 16 years 
of age there has been an average in- 
crease of 1.8 inches in height and 10 
pounds in weight over a period of some 
40 years; for boys of 17 to 19 the gain 
was 1.6 inches and about 10 pounds. 
Among girls of 15 to 16 the gain in 
average height was 0.6 inch and the 
gain in weight only a little over 1144 
pounds, while at 17 to 19 the girls 
gained, on an average, only 0.4 of an 
inch in height and actually showed a 
weight decrease of about 3 pounds. The 
Metropolitan Life Insurance Company 
reports that these facts are derived from 
a comparison of insured teen-agers in 
the Build and Blood Pressure Study, 
1959, conducted by the Society of 
Actuaries, with teen-agers in an earlier 
study. 

% 

Nutrition: Army retirement credit. 
Army reserve officers who register for, 
and attend, certain sessions of the 25th 
meeting of the American Institute of 
Nutrition, to be held in Atlantic City, 
N.J., 10-15 April, will receive retire- 
ment point credits for such attendance. 
For further information, communicate 
with Lt. Col. Ernest M. Parrott, who 
will be at the Hotel Ambassador dur- 
ing the meetings. 

* 

Psychology journals. Elias Publica- 
tions (P.O. Box 662, Washington 4, 
D.C.) has announced that the journal 
Engineering and Industrial Psychology 


632 


will be published as two quarterly jour-. 


nals, beginning in 1962. Engineering 
Psychology will contain original investi- 
gations on the adaptation of human 
tasks and working environment to the 
psychological and physiological attri- 
butes of human beings. /ndustrial Psy- 
chology will publish studies reporting 
the results of the application of psy- 
chological principles and methodology 
to problems in personnel management. 
Submission of manuscripts is invited by 
both publications. 
% * 

East German _ publications. The 
American Mathematical Society and 
the East German publishing house 
Deutsche Verlag der Wissenschaften 
have entered into an agreement under 
which scientific publications of the lat- 
ter will be made readily available in 
this country. These include works on 
mathematics, physics, chemistry, biol- 
ogy, economy, geography, geology, 
meteorology, and philosophy, and 12 
scientific journals. 

Under the new arrangement, the 
AMS headquarters offices will process 
orders and undertake the billing and 
collection of amounts due the Deutsche 
Verlag der Wissenschaften. Delivery 
of publications will be made directly 
to the purchaser or subscriber via 
airmail from Leipzig, at list price plus 
cost of packing and shipping. Mem- 
bers of the AMS will be given a re- 
duced rate. Deutsche Verlag der Wis- 
senschaften catalogs may be obtained 
from the American Mathematical So- 
ciety, 190 Hope St., Providence 6, R.I. 

Medical genetics. A short course in 
medical genetics (heredity and disease 
in man and animals) will be held for 
the second time in Bar Harbor, Me., 
6-18 August. The course, which is 
supported by the National Science 
Foundation, is conducted through the 
collaboration of members of the fac- 
ulty of the Johns Hopkins University 
and the staff of the Roscoe B. Jackson 
Memorial Laboratory. 

The course is intended primarily for 
members of the faculty of medical 
schools; however, a few representatives 
from other areas will be accepted. Ap- 
plications from recent medical school 
graduates interested in medical genetics 
will also be considered. Enrollment 
will be limited to 45. There is no reg- 
istration fee. Application should be 
made to: Dr. Victor A. McKusick, The 
Johns Hopkins Hospital, Baltimore 5, 
Md. 


Grants, Fellowships, and Awards 


Algae. The Committee on the Darba- 
ker Prize of the Botanical Society of 
America will accept nominations from 
both members and nonmembers for an 
award to be announced at this year’s 
meeting of the society in Lafayette, Ind. 
Under the terms of the award bequest, 
approximately $250 will be given for 
meritorious work in the study of the 
algae. 

The committee will base its judgment 
primarily on papers published in 
English by the nominee during the two 
calendar years previous to the closing 
date for nominations. At present, the 
award will be limited to residents of 
North America. Nominations, accom- 
panied by a statement of the merits 
of the case and by reprints of the pub- 
lications supporting the candidacy, 
should be received before 1 June by 
the chairman of the committee, Robert 
W. Krauss, Botany Department, Uni- 
versity of Maryland, College Park, Md. 

Marine biology. A postdoctoral fel- 
lowship program is being established in 
the Marine Laboratory of the Univer- 
sity of Miami with the aid of a grant 
from the National Heart Institute. Ob- 
jectives of the program will be to afford 
opportunities for those trained in other 
biological disciplines to acquire experi- 
ence with marine organisms. Fellow- 
ships will be tenable for 1 year; stipends 
will be in the neighborhood of $5000, 
with suitable dependency allowance. 
Further details and application blanks 
may be obtained from Dr. Charles E. 
Lane, Program Director, The Marine 
Laboratory, 1 Rickenbacker Causeway, 
Miami 49, Fla. 

Mathematics. The Mathematics Re- 
search Center of the United States 
Army at the University of Wisconsin, 
Madison, offers graduate fellowships in 
mathematics for 1961-62 to afford op- 
portunity for study directed chiefly 
toward the fields of applied mathematics 


‘and the related fields of mathematical 


analysis. A candidate must be a U.S. 
citizen and have a bachelor’s degree 
in mathematics, physics, or engineering, 
and he must obtain admission to the 
Graduate School of the University of 
Wisconsin. The proposed course of 
study must be approved by the director 
of the Mathematics Research Center. 

A fellowship holder is expected to 
devote his full time to study that leads 
to a master’s or doctor’s degree. The 
fellowships pay tuition and university 
fees and provide annual basic stipends 
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of either $2250 or $2500, depending 
on whether or not the recipient holds a 
master’s degree. These stipends are in- 
creased by $500 for fellows with chil- 
dren. A fellow may not engage in other 
regular remunerative employment or 
receive other concurrent fellowship aid. 

Mycology. The Gertrude S. Burling- 
ham scholarship in mycology for ad- 
vanced predoctoral study at the New 
York Botanical Garden will be available 
for the summer of 1961. The stipend 
is $700. Work under this appointment 
may begin at any time after 1 June and 
should continue for approximately 3 
months. Nominations or applications 
should be sent before 15 April to the 
Director, The New York Botanical 
Garden, New York 58, N.Y. 

Nutritional science. Applications for 
traineeships in experimental nutritional 
science at Philadelphia General Hos- 
pital are now being accepted, according 
to Henry W. Kolbe, executive director. 
Trainees selected will work under Paul 
Gyorgy, director of the PGH depart- 
ment of pediatrics, who was recently 
awarded a 414-year grant of $274,806 
by the National Institutes of Health. 

Applicants, either men or women, 
must have a doctorate in medicine or a 
related scientific field. Stipends of from 
$3000 to $8000 will be paid, depending 
upon the qualifications and academic 
position of the trainees. For informa- 
tion write to Dr. Paul Gyorgy, Depart- 
ment of Pediatrics, Philadelphia Gen- 
eral Hospital, 34th and Curie Avenues, 
Philadelphia, Pa. 

Psychoanalysis. The Association for 
Group Psychoanalysis, Inc., is offer- 
ing a limited number of scholarships 
for its basic course in group psycho- 
analysis, to be provided for the seventh 
season in 1961-1962. For further in- 
formation, write to the association at 
Apt. 4B, 50 E. 72nd St., New York 
21 RY; 

Radiological physics. A 1-year course 
in radiological physics, leading to the 
degree of master of science, is offered 
under the auspices of the depart- 
ment of radiology of the College 
of Physicians and Surgeons of Colum- 
bia University. The course is designed 
to prepare candidates to carry out all 
the functions of a physicist in a hos- 
pital department of radiology; it would 
also provide a foundation for those 
who wish to engage in research or ap- 
plications in radiologic physics, radia- 
tion protection, and dosimetry. 

As part of its national program for 
the training of radiological health spe- 
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cialists, the Division of Radiological 
Health of the U.S. Public Health Sery- 
ice has awarded a grant to the uni- 
versity that will provide financial as- 
sistance to qualified candidates. This 
aid will be in. the form of tuition 
waivers, as well as monthly stipend al- 
lowances. Applicants must be citizens 
of the United States or must have filed 
a Declaration of Intent. Preference 
will be given to candidates who are 
sponsored by public health agencies 
for work in their area of responsibility 
or in closely related fields. Inquiries 
should be addressed to Dr. H. H. Rossi, 
630 W. 168th St., New York 32, N.Y. 


New Journals 


Journal of The Forensic Science So- 
ciety, vol. 1, No. 1, Sept. 1960. S. S. 
Kind, Ed. Forensic Science Society, c/o 
Rossett Holt, Pannal Ash Road, Harro- 
gate, Yorkshire, England. Semiannual 
(September and March). £2 per year. 

Journal of Chemical Documentation. 
1961. H. Skolnik, Ed. American Chem- 
ical Society, 1155 16th St. NW, Wash- 
ington 6, D.C. Semiannual. Nonmem- 
bers, $10 per year; members, $7. 

Nuclear Fusion, vol. 1, No. 1, Sept. 
1960. J. G. Beckerley, Ed. Internation- 
al Atomic Energy Agency, Karntner 
Ring 11, Vienna, Austria. Quarterly. 
S. 250 per year. 

Botanical Bulletin of Academia Sin- 
ica, vol. 1, No. 1, June 1960. H. W. Li, 
director. Institute of Botany, Academia 
Sinica, Nankang, Taipei, Taiwan. Ir- 
regular, $2 per volume (one or two 
issues). 

Pure and Applied Chemistry, vol. 1, 
No. 1, Sept. 1960. Official Journal of 
the International Union of Pure and 
Applied Chemistry. B. C. L. Weedon, 
Ed. Butterworth Inc., 7235 Wisconsin 
Ave. NW, Washington 14, D.C. Irreg- 
ular. $18 per volume (four issues). 

Journal of Theoretical Biology, vol. 
1, No. 1, Feb. 1961. J. F. Danielli, Ed. 
Academic Press, 111 5th Ave., New 
York 3, N.Y. $17 per year. 

Journal of Atherosclerosis Research 
and Scientific Reports of the Istituto 
Superiore di Sanita, 1961. Elsevier Pub- 
lishing Company, Spuistraat 110-112, 
Amsterdam, Holland. 

Polymer Science U.S.S.R., Sept. 
1960. G. M. Burnett, trans. Pergamon 
Institute, 122 E. 55th St., New York 22, 
N.Y. $60 per year. Single issue, $15. 

Studdi si Cercetari de Biochimie, No. 
1, 1960. E. Macovschi, Ed. Academiei 


Republicii Populare Romine, str. Popo- 
vici nr. 20, Bucharest, Romania. 5 lei. 

Physics and Chemistry of Glasses, 
vol. 1, No. 1, Feb. 1960, and Glass 
Technology, vol. 1, No. 1, Feb. 1960. 
R. W. Douglas, Ed. Society of Glass 
Technology, Thornton, Hallam Gate 
Road, Sheffield 10, England. Bimonth- 
ly. Each £6 15s a year; joint annual 
subscription, £10. 


Scientists in the News 


Pierre Dansereau, dean of the science 
faculty and director of the Botanical 
Institute of the University of Montreal, 
has been appointed assistant director 
of the New York Botanical Garden, 
effective 1 April. 

Dansereau has done extensive work 
in botany in Quebec Province, in sev- 
eral western states of the United States, 
and in South America and Europe. He 
will go to New Zealand in April for 
several months’ research and lecturing 
before taking over his new duties. 


Judson Hardy, public affairs officer 
of the Division of Radiological Health, 
Public Health Service, has been ap- 
pointed chief of the public information 
section in the Office of Research Infor- 
mation, National Institutes of Health. 
He assumed his new duties on 27 Feb- 
ruary. He succeeds Clifford F. Johnson, 
recently named chief of the Office of 
Research Information. 


Frank W. Newell, professor and 
chairman of ophthalmology at the Uni- 
versity of Chicago, has been named a 
founding member from the United 
States on the international Problem 
Commission in Neuro-ophthalmology. 
The first meeting of the newly formed 
commission will be held 18 and 19 
March in Geneva. 


Nathaniel Arbiter, professor of min- 
eral engineering at Columbia Univer- 
sity, received the 1961 Robert H. Rich- 
ards award of the American Institute of 
Mining, Metallurgical and Petroleum 
Engineers on 1 March for his contribu- 
tions to the mineral industries. 


Arnoldo Gabaldén, malariologist and 
Venezuela’s Minister of Health and 
Welfare, and Sir Gordon Covell of the 
United Kingdom have been named co- 
recipients of the seventh Darling Foun- 
dation medal and prize for their work 
on malaria. The award, which was pre- 
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sented during the 15th World Health 
Assembly, held in New Delhi in Feb- 
ruary, honors the memory of Samuel 
Taylor Darling, malariologist who died 
in the service of the Malaria Commis- 
sion of the League of Nations. 

Gabaldén was director of, and later 
consultant to, the Division of Malariol- 
ogy at Maracay, Venezuela, for several 
years. He organized international cour- 
ses in the study of malaria and insect- 
borne diseases. 

Covell, author of numerous works 
on malaria, was director of the Malaria 
Institute of India from 1936 until 1947. 
He has also been adviser on malaria to 
the British Ministry of Health and di- 
rector of the Malaria Reference Labo- 
ratory at Horton Hospital, Epsom, Sur- 
rey. 


Theos J. Thompson, professor of nu- 
clear engineering at Massachusetts In- 
stitute of Technology, director of the 
M.I.T. Reactor Project, and a member 
of the Atomic Energy Commission’s 
Advisory Committee on Reactor Safe- 
guards since 1959, has been named 
chairman of the committee for a 1-year 
term. He succeeds Leslie Silverman, 
professor of engineering in environ- 
mental hygiene at Harvard University 
School of Public Health, who served as 
chairman during 1960. 


Choh-Yi Ang, director of materials 
laboratories for P. R. Mallory and 
Company, Indianapolis, has been ap- 
pointed manager of Telecomputing 
Corporation’s physics research labora- 
tory in San Diego. 


Richard A. Colgan, Jr., general man- 
ager of the Shasta Forests Company, 
Redding, Calif., was recently elected 
president of the Forest Genetics Re- 
search Foundation at Berkeley. Colgan 
was formerly associated with Diamond 
Match Company and the National 
Lumber Manufacturers Association. 


The State University of New York 
Downstate Medical Center, Brooklyn, 
has announced the appointment of two 
visiting faculty members for March 
1961. Sir Dugald Baird, Regius profes- 
sor of midwifery and gynecology at 
the University of Aberdeen, will be 
visiting professor of obstetrics and gyn- 
ecology, and Margery Grace Ord, fel- 
low at Lady Margaret Hall College and 
member of the university demonstra- 
tor’s department of biochemistry at Ox- 
ford University, will be visiting senior 
lecturer in pathology. 
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Max M. Marsh, head of Eli Lilly and 
Company's analytical research depart- 
ment since 1956, has been named a 
control associate. Marsh has established 
several methods for automatic analysis 
of amino acids, cholesterol, and other 
materials and was instrumental in de- 
veloping a method for determining di- 
ethylstilbestrol in pharmaceuticals. 


Richard S. Morse, former director of 
Army Research and Development, has 
been appointed Assistant Secretary of 
the Army (Research and Development). 
The newly created position includes 
responsibility for Research and Devel- 
opment Tests and Evaluations procure- 
ment and budget monitoring. Hereto- 
fore these responsibilities have been 
divided among several agencies, each 
responsible to the Secretary of the 
Army. 

Before he joined the Department of 
the Army, in June 1959, Morse was 
president. of the National Research 
Corporation, Cambridge, Mass., which 
he organized in 1940. 


The Bureau of Commercial Fisheries, 
Fish and. Wildlife Service, has presented 
two fishery biologists with citations for 
meritorious publications. 

Winner of the top award was Elbert 
H. Ahlstrom, director of the Bureau’s 
Biological Laboratory at La Jolla, Calif., 
for his work on the vertical distribution 
of fish eggs and larvae in the California 
current system. 

The second award went to Fred Ber- 
ry, who was staff biologist at the Bu- 
reau’s Biological Laboratory at Bruns- 
wick, Ga., when selected. He is now 
with the La Jolla Laboratory. Berry’s 
work was an extensive study of the jack 
family, an important group of forage 
and predatory fishes. 


Robert B. Howell, Lockheed Missiles 
and Space Division engineer, was hon- 
ored at the Institute of Aerospace Sci- 
ences’ annual meeting in New York for 


“outstanding scientific contributions in ° 


the art of advanced theoretical guidance 
and control, and development of digital 
trajectory programs.” He received the 
Lawrence Sperry Award and was cited 
for his work on the Polaris missile, for 
which Lockheed is prime contractor. 


Jay L. Lush, professor in the de- 
partment of animal husbandry at Iowa 
State University, received the Her- 
mann von Nathusius Medal from the 
Deutsche Gesellschaft fiir Ziichtung- 
skunde last fall in Hannover, Germany. 


John Buck of the National Insti- 
tutes of Health is the new president of 
the Society of General Physiologists. 


Sheldon Cholst, practicing psychia- 
trist formerly associated with New 
York University’s School of Medicine 
and with the Institute of Physical Med- 
icine and Rehabilitation at the univer- 
sity’s medical center, has been chosen 
as producer, writer, and narrator of Jn- 
ternational Science and Technology Re- 
view, a weekly radio program. The pro- 
gram, which summarizes outstanding 
scientific events in 12 nations, is distrib- 
uted by the Broadcasting Foundation of 
America, the international division of 


the National Educational Television 
and Radio Center. 
Recent Deaths 

Andrew W. Contratto, Brookline, 


Mass.; 54; associate director and chief 
of medicine of the Harvard University 
Health Services and senior associate 
in medicine at Peter Bent Brigham 
Hospital, Boston; 21 Feb. 

Emile Henriot; professor emeritus 
of physics at the Université Libre de 
Bruxelles; prior to his retirement, was 
director of the physics department of 
the Faculté des Sciences; known for 
the creation of the rapidly rotating tops 
from which the Beams ultracentrifuge 
was developed; Feb. 

Albert G. Hogan, Columbia, Mo.; 
76; professor emeritus of animal nutri- 
tion at the University of Missouri; held 
academic posts at Kansas State Uni- 
versity and Alabama Medical School; 
made numerous contributions to the 
field of nutrition; his studies led to the 
recognition of folic acid as a vitamin 
and the development of an assay for 
it; 25 Jan. 

Howard R. Lillie, Brussels, Belgium; 
58; president of the International Com- 
mission on Glass and _ staff research 
manager in the research and develop- 
ment division of Corning Glass Works; 
recognized for his research on glass 
viscosity; 15 Feb. 

William D. Reeve, New York, N.Y.; 
77; retired professor of mathematics 
and former head of the department of 
mathematics at Teachers College, Co- 
lumbia University; author or coauthor 
of 16 textbooks on mathematics teach- 
ing; Feb. 

Thomas O. Walton, Bryan, Tex.; 77; 
president of Texas Agricultural and 
Mechanical College from 1925 to 1943; 
18 Feb. 
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On Thermonuclear War. Herman Kahn. 
Princeton University Press, Prince- 
ton, N.J., 1960. xx + 651 pp. $10. 


According to Herman Kahn, if de- 
terrence is to be used to advance or 
maintain our position in a world of 
power politics, we must have the will 
to use the weapons if deterrence fails— 
that is, we must accept the position that 
thermonuclear war would not be an- 
nihilating, at least not over the next 
decade or so, and that, with careful 
planning, recovery from a nuclear at- 
tack is possible in a few years. Kahn 
argues that we must have the weapons 
needed to meet a variety of possible sit- 
uations, ranging through bluffs, black- 
mail, and accidents to irrational behav- 
ior. That is, we must be able to (i) 
deter an attack by creating the fear of 
retaliation from a damaged Strategic 
Air Command or the fear of a pre- 
emptive strike by SAC following a 
tactical warning; (ii) deter provocative 
action by creating the fear of a pre- 
meditated first strike at the nation offer- 
ing provocation; and (iii) deter pro- 
vocative action by having the capability 
for counteraction which is expected to 
be so effective that the net effect of the 
“aggressor’s” action would be a loss in 
his position. Necessary components of 
this posture include civil defense, a ca- 
pability for limited war, a preattack 
mobilization base, and, hopefully, arms 
control. 

The bulk of the book is devoted to 
by far the most detailed and lucid anal- 
ysis yet presented of the kinds of weap- 
ons systems, mobilization bases, and 
postattack planning and resources re- 
quired to meet situations which might 
involve military power. Even so, as 
Kahn is at pains to demonstrate, much 
more study is necessary before an eval- 
uation can be made of the full implica- 
tions of his position on such problems 
as the long-term biogenetic effects of 
radiation resulting from large attacks, 
the feasibility of blackmail techniques, 
the flexibility of the war plans in retal- 
iation missions, and command and con- 
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trol. But the fundamental utility of his 
analysis rests on whether his thesis is 
valid: Kahn argues that thermonuclear 
war will not be annihilating (of social 
systems, if not all men) and, therefore, 
that if we are faced with “intolerable” 
or “outrageous” provocations we ought 
to be prepared to accept the social and 
material costs of recovering from a 
thermonuclear war rather than the costs 
of avoiding that war. 

“Recovery” to near-normal prewar 
levels (as contrasted to politically, social- 
ly, and technologically primitive ways 
of life) depends crucially on the effec- 
tive fulfillment of “seven optimistic as- 
sumptions: 1) favorable political envi- 
ronment, 2) immediate survival and 
patch-up, 3) maintenance of economic 
momentum, 4) specific bottlenecks al- 
leviated, 5) ‘bourgeois’ virtues survive, 
6) workable post-war standards adopted, 
and 7) neglected effects unimportant.” 
However, in estimating the validity of 
these assumptions, Kahn does not apply 
the same careful analysis he used on 
hardware to the human condition in the 
postattack period. The considerable 
data available from history and the lab- 
oratory about the behavior of groups, 
individuals, and leaders under extreme 
threat, in the face of sudden disaster, or 
in ambiguous situations is ignored. Also 
ignored are the profound problems of 
establishing adequate, integrated leader- 
ship and command and control in a 
postattack society, for such a society 
may well be bereft of many layers of 
responsible, trained, civilian leaders. 
Nor does he discuss adequately the 
enormous problems of managing na- 
tionwide evacuations (historical ex- 
amples are not analogous here), oper- 
ating large fallout shelters during many 
days of occupancy, and training shelter- 
management cadres as well as insuring 
their presence in the shelters. 

As a result of these oversights Kahn’s 
statements about the behavior, values, 
and aspirations which could be expected 
to prevail under these disaster condi- 
tions are inadequate, incorrect, and 
glib to the extent that doubt is cast on 


the plausibility of his optimistic assump- 
tions. It is also well worth noting that 
there is nothing in his analysis which 
gives reason to believe that recovery 
could be accomplished under demo- 
cratic forms of government. 

As to peacetime planning for post- 
attack recovery, much could be done to 
accomplish the things necessary for re- 
covery if sufficient research, planning, 
and implementation has been carried 
out, but it is very likely that this could 
be accomplished only through imposed 
or voluntarily accepted approximations 
of a garrison state. It seems clear, on 
the basis of several studies, that the re- 
quired degree of peacetime integration 
and control of economic, political, in- 
stitutional, and personal activities would 
very likely conflict with traditional con- 
cepts of the private and public rights 
and privileges of Americans. 

Thus, Kahn’s book is profoundly use- 
ful in four ways: (i) It should force 
any one who proposes to say anything 
about deterrence to stop talking va- 
garies and shibboleths. (ii) It should 
force those espousing Kahn-type weap- 
ons systems to recognize the crucial 
need for the same detailed study and 
analysis of people and leadership under 
ambiguous threat as that already given 
to thermonuclear hardware and tactics. 
(iii) Since Kahn’s military approach is 
idealistic (it demands unstinting nation- 
al commitment to logical behavior un- 
der all conditions), the book should 
make acceptable the study of other 
idealistic political or social approaches 
to the crisis. (iv) Since democratic 
values might well be lost in preparing 
for or in recovery from nuclear attack 
(and since the chances of their eventual 
revival are moot), the book should 
force a searching inquiry into the 
choice of means in preserving ends in a 
world of crises and political change 
everywhere. 

DonaLpD N. MICHAEL 
Brookings Institution, 
Washington, D.C. 


Talent and Education. E. Paul Tor- 
rance. University of Minnesota Press, 
Minneapolis, 1960. x + 210 pp. 
$4.50. 


One of the 16 authors quotes Nor- 
bert Wiener’s statement: “Let those 
who choose to carve a human soul... 
be sure that they have a worthy image 
after which to carve it, and let them 
know that power of molding an emerg- 
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ing intellect is a power of death as 
well as a power of life.” Those who are 
engaged in the business of: educating 
talented young persons are carving hu- 
man souls; sometimes with skill, some- 
times not; sometimes with substantial 
knowledge of what they are doing, 
sometimes without. For such persons, 
this volume, which consists of the pa- 
pers presented at the 1958 Institute on 
Exceptional Children held by the Uni- 
versity of Minnesota, provides a useful 
summary of information on the nature 
of human abilities, some of the psycho- 
metric approaches to the study of tal- 
ent, crucial factors in the life histories 
of talented persons and in the develop- 
ment of scientists, some of the means 
by which schools attempt to give spe- 
cial treatment to exceptionally able 
students, and the treatment of indi- 
vidual differences in Russian schools. 
Also included are brief reports of sev- 
eral exploratory studies concerning 
bright students and their school and 
postschool careers. 

The book is mostly synthesis and re- 
view with relatively little new informa- 
tion. An exception is Catherine Cox 
Miles’ study of the life histories of 100 
prominent Americans who died during 
the period 1936-1940 and the compari- 
son of their early life histories with 
those of 300 geniuses who constituted 
the subjects of her earlier study. Choos- 
ing among the papers is partly a matter 
of personal interest. I liked best John 
E. Anderson’s good review of the na- 
ture of human ability and Anne Roe’s 
brief summary of studies that she and 
R. D. McCurdy conducted on the 
school and home influences that make 
a scientist. 

DaAEL WOLFLE 
American Association for the 
Advancement of Science 


Oxford Regional Economic Atlas of the 
Middle East and North Africa. Econ- 
omist Intelligence Unit. Oxford Uni- 
versity Press, New York, 1960. viii 
+ 56 pp. + 64 maps and gazetteer 
(15 pp.). Cloth, $10; paper, $5.25. 


This atlas, the second of what prom- 
ises to be an extremely useful series 
(intended eventually to cover the world), 
touches on many facets of the physical 
and economic-social phenomena char- 
acterizing the Middle East and North 
Africa. C. G. Smith of Oxford Univer- 
sity served as geographical adviser, and 
the volume was prepared by the Econo- 


636 


mist Intelligence Unit (a research group 
of the British periodical The Economist) 
and the cartographic department of the 
Clarendon Press. 

The scale of the maps varies; about 
half of the sheets presented are on a 
common base map of the entire area 
and are shown at a scale of 1:19 million 
(300 miles to the inch). The detailed 
regional sheets are shown on scales 
ranging from 1:10 million (176 miles 
to the inch) for the Sudan, Ethiopia, 
and Iran to 1:6 million (95 miles to the 
inch) and 1:4.25 million (67 miles to 
the inch) for the other countries. The 
maps lack a graphic scale with distances 
actually drawn on the map and the 
reader must carry his own ruler if he 
is to determine distances. The regional 
maps are easily read. The elevation tints 
are unobstrusive and consist of warm 
shades of greens and browns with soft 
gradation from one to another. There 
is coverage of the geology which gives 
the geological period—Cretaceous, 
Jurasic, and so forth—of the surface 
rocks with short notes about the char- 
acteristic relief developed in each case. 
The treatment is as detailed as the scale 
of 1:19 million will allow. Relief is 
shown at the same scale. Here a plastic 
relief effect is achieved by the now 
common device of imposing mountain 
or hill shadows on the elevation tints. 
This gives a gross indication of the 
relief and is useful as a heuristic tech- 
nique, but there is a serious objection. 
The map gives an impression of round- 
ness to some extremely jagged land- 
scapes. I cite the arid zone scarp of 
the north side of the Qattéra depression 
in Egypt, the walls of the great rift as it 
bisects Ethiopia, and the rough moon- 
like landscapes of the Hadramout and 
Yemen coasts of southern Arabia. 
Relief can be symbolized more realis- 
tically, though less colorfully, by the 
black-and-white diagrammatic technique 
developed by Irwin Raisz. 

The soil and vegetation maps are 
generally well handled, though the cate- 
gories used in describing the vegeta- 
tion of the more tropical areas are not 
sufficiently specific. The sheets covering 
rainfall and water balance are the most 
sophisticated I have seen in a general 
atlas. Annual rainfall is shown, as well 
as rainfall temperature diagrams for 19 
representative stations. The diagrams 
show the usual average monthly pro- 
gression of rainfall and temperature 
against a background of the actual rain- 
fall received each month for the past 
25 years. This shows the dispersion 
which, in much of the dry tropics, is 


so great that averages have little mean- 
ing. A further sheet shows irrigated 
areas and their proposed extensions, 
oases, and dams. This map has water 
balance diagrams (after C. W. Thorn- 
thwaite) for the same stations covered 
by the rainfall-temperature diagrams. 
The water balance diagrams are ex- 
plained clearly and give some under- 
standing of growing seasons and their 
lack. These two sheets contribute to the 
reader’s understanding of the critical 
water problem in North Africa and the 
Middle East. There is a detailed strip 
map, with monthly river flow diagrams, 
of the Nile Valley and a similar map for 
the Tigris and Euphrates Valley. 

There are further maps dealing with 
agriculture, minerals, industry, trans- 
port, population density, state of topo- 
graphic mapping, and a historical sur- 
vey. 


The degree of detail on the agricul- . 


tural maps varies with the available 
data. The Magreb, Egypt, Iraq, the 
Levant, and Turkey are covered by 
dot maps showing principal crops. Un- 
fortunately, several of these maps are 
hardly readable, because they attempt 
to show on one sheet as many as three 
crops having largely overlapping distri- 
butions. This is a gross violation of the 
grammar of economic map making. 
There is a useful and less detailed sheet 
for the Sudan and only a listing of 
commodity production totals (from the 
Food and Agricultural Organization of 
the U.N.) for Iran, Ethiopia, Somalia, 
and the countries of the Arabian Penin- 
sula. 

There are maps showing oil produc- 
tion and producing fields as of 1957 
and oil concessions as of 1958; a de- 
tailed map shows oil production in the 
Persian Gulf as of 1957. Over 20 in- 
dustries are treated on five sheets in 
sufficient detail to bring out the mean- 
ingful regional differences. Air, rail, 
and water transport are handled on 
separate sheets. There is a detailed 
sheet of the Suez Canal and a flow dia- 
gram indicating the relationship of the 
canal to world shipping. 

Population is treated by a dot map 
(one dot per 20,000 people) with names 
of peoples and principal tribes (Kurds, 
Nuer, and so forth) listed in their home 
areas. Urban areas are also indicated. 

There is a final map which attempts 
to give a historical summary. For a land 
with the complex cultural background 
of the Middle East and North Africa, 
One map cannot be adequate. An entire 
atlas, A Historical Atlas of the Muslim 
Peoples [Roolvink, Cambridge Univer- 
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sity Press (1957)] has been devoted to 
the topic. 

The supplementary notes and statis- 
tics are excellent. For nearly all of the 
commodities and industries, enough in- 
formation is given to show production 
trends. 

The title is perhaps modest. The Ox- 
ford Regional Economic Atlas of the 
Middle East and North Africa contains 
the general physical and economic 
background of the region plus more 
detailed treatment of the salient physi- 
cal and economic landmarks. The in- 
formation is sufficiently comprehensive 
for the reader to obtain a sound under- 
standing of the principal resource pat- 
terns and problems of the Middle East 
and North Africa. 

WALTER DESHLER 
Department of Geography, 
University of Maryland 


Stratigraphic Principles and Practice. J. 
Marvin Weller. Harper and Brothers, 
New York, 1960. xvi + 725 pp. Illus. 


With the ever-increasing need for a 
rational synthesis and integration of 
the vast store of published factual data 
in stratigraphy, it is a timely task to 
review and to reappraise the funda- 
mental principles and major concepts 
which constitute the stratigraphic dis- 
cipline. It is also timely to advance the 
standards in methods and procedures 
of stratigraphic work in the field and 
in the office. 

Marvin Weller has admirably accom- 
plished this task in his new book Strati- 
graphic Principles and Practice. The 
text is a welcome contribution to the 
better understanding of stratigraphic 
problems, many of which still await 
solution. The book is well written and 
places proper emphasis on the applica- 
tion of principles, the consideration of 
concepts, and the interpretation of basic 
data; this is a marked contrast to the 
outmoded catalog-like presentation of 
the subject. 

Controversial issues are treated with 
an objectivity that provides a stimu- 
lating challenge to students to think and 
to reason things out for themselves. 
The bibliographic references, given at 
the end of each chapter, are, for the 
most part, adequate, but the addition 
of a few more titles of original sources 
would be desirable. 

The book is divided into four parts: 
The first, short part contains the “In- 
troduction,” ‘Development of stratig- 
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raphy,” and “Geologic systems”; the 
second contains “Materials of stratig- 
raphy”; “Stratigraphic bodies and 
relationships, including classification 
and nomenclature” is the third part; 
the fourth, the “Appendix,” contains 
practical suggestions for field work and 
the preparation of reports. The text is 
well illustrated, containing 271 figures 
and many tables. 

The historical approach in dealing 
with the development of stratigraphy is 
highly commendable, but it should not 
have been stopped with William Smith. 
The important contributions made by 
Lyell and other early investigators dur- 
ing the fruitful years of the middle of 
the last century are alluded to only 
briefly at various places in subsequent 
chapters. 

Reference to “zonation” (in associa- 
tion with William Smith’s name) as one 
of the fundamental principles that had 
been recognized at the beginning of the 
19th century may be misleading, unless 
in this instance the author uses zonation 
to mean something different from the 
principle which was established during 
the years 1856-58 by Albert Oppel. 

The second part of the book, dealing 
with the materials of stratigraphy, calls 
for no special comments. Probably no 
two stratigraphers would agree on the 
extent to which the subject of sedimen- 
tology and the study of sedimentary 
rocks should be treated in a text on 
stratigraphy. The point of view may 
also vary from institution to institution, 
depending on curricula. 

In general this part of the text is well 
balanced and well illustrated by draw- 
ings and diagrams based on recent 
original contributions. 

The simplification of terminology in 
the discussion of unconformities, in 
part 3, is well supported by valid 
reasoning, although exception may be 
taken to the definition of an uncon- 
formity as a stratigraphic plane. Strat- 
igraphic plane, if at all applicable, is 
only one element of an unconformity. 
An unconformity is a geologic structure 
or a structural relationship between two 
sets of rocks. 

The subject of stratigraphic classifi- 
cation and nomenclature is well pre- 
sented and is skillfully combined with 
the essential points of the Stratigraphic 
Code. 

Weller is probably correct in saying 
that Fiichsel in 1756 was the first to 
formulate the rudiments of the con- 
cept of the formation, but it should 
be pointed out that Fiichsel did not 
introduce the term formation. He had 


recognized distinctive lithoiogic units, 
such as the Muschelkalk and others, 
and these he called series montana or 
Geburge (probably this should have 
been spelled “Gebiirge”). The mis- 
understanding, which has been per- 
petuated in geologic literature for many 
years, appears to stem from Zittel 
(1899, page 51) who inserted the term 
“(Formation)” as his own idea of the 
equivalent of Fiichsel’s series montana. 

It may be also pertinent to note that 
the idea of the formation, with a con- 
notation of time, as formulated by 
Humboldt and by his contemporary 
Buch, is different from the concept 
of the formation currently used in the 
United States and from the concept 
earlier expressed by Conybeare and 
Phillips and by Lyell. In the German 
geologic literature the term formation 
is applied to the concept which is now 
called a System, for example, Die 
Juraformation. 

The discussion of biostratigraphic 
units, and, particularly, the distinction 
between biostratigraphic units and the 
time-rock units does not entirely clear 
up the points of contention among dif- 
ferent schools of thought on that sub- 
ject. Any fossiliferous unit is a biostrati- 
graphic unit when it is analyzed for 
biostratigraphic data, such as composi- 
tion of fauna (or flora), geologic age, 
paleoecology, paleobiogeography, dis- 
persal of organisms, and the like. One, 
therefore, cannot agree with the author 
that biostratigraphic units “are wholly 
objective and not dependent upon in- 
terpretative considerations. . . .” 

The use of the term Series for units 
which should be properly called Stages 
is, perhaps, a reflection of the transitory 
state of our period of stratigraphic 
thinking in the United States. The for- 
mational units called series in the sense 
of rock-units are commonly given “an” 
or “ian” endings and are, thus, “pro- 
moted” to time-rock Series. A greater 
uniformity in nomenclature would be 
achieved if the term Series were re- 
tained for subdivisions,/of Systems, such 
as Lower, Middle, and Upper. 

The chapter on facies is comprehen- 
sive in scope and is amply illustrated 
with diagrams, graphs, and maps. 

Some aspects of the limitation of 
paleontologic correlation, shown by the 
lack of correspondence in the strati- 
graphic occurrence of Jurassic ammo- 
nites in England and in France (Figs. 
215 and 216}, should be viewed in the 
light of more recent studies. The ap- 
parent anomaly in the succession (Fig. 
215) has been explained by Spath (1938, 


637 


r 
d 
e 
il 

p 

h 
r- : 
le 
1e 

re 
pt 

1e 

g. 
et 

of 

he 
of 

la, 
n- 

57 

le- 
he 
n- 
in 

n- 

il, 

on 

ced 
ia- 
he 

ap 
1eS 

ds, 
ne 

pts 

nd 
ind 
ca, 2 
ire 
lim 
er- 

| 


page 34) as being due to misidentifica- 
tion. As to “the other anomalies,” ac- 
cording to Arkell (1956, page 104) 
“doubt is inevitably cast on them also.” 

The chapter on historical geology ap- 
propriately summarizes the objective of 
stratigraphy. 

Students of stratigraphy, particularly 
beginners, will find the appendix with 
its practical suggestions for field work 
and for graphic presentation of results 
to be a very useful part of the book. 
The list of references to various man- 
uals could be profitably enlarged by in- 
cluding Busk’s Earth Flexures, Sug- 
gestion to Authors, and a few others. 

Minor points, critically mentioned in 
the preceding paragraphs, do not de- 
tract from the general excellence of the 
book. Stratigraphic Principles and Prac- 
tice merits favorable consideration for 
adoption as a text in stratigraphy. 

SIEMON WM. MULLER 
Department of Geology, 
Stanford University 


Biochemistry of Plants and Animals. M. 
Frank Mallette, Paul M. Althouse, 
and Carl O. Clagett. Wiley, New 
York, 1960. xiii + 552 pp. Illus. 
$8.50. 


In writing this textbook the authors 
had to cope with the difficult problem 
of presenting a vast amount of bio- 
chemical knowledge, in its many ramifi- 
cations, to students of agriculture with 
limited preparation in modern physics, 
chemistry, and biology. Their solution 
is the best testimony of their broad 
scientific approach to complex subject 
matter and of their educational skill. 
I was surprised and impressed to find 
such advanced topics as the function of 
deoxyribonucleic acid and ribonucleic 
acid, nicotinamide adenine dinucleoxide, 
adenosine triphosphate, biotin, gib- 
berellic acid, auxins, and antiauxins dis- 
cussed on an elementary level. 

In the excellent chapter on mineral 
metabolism, radiation and radioisotopes 
are mentioned; in the very good chapter 
on feedstuffs, the use of antibiotics in 
livestock feeding has been given proper 
attention. Although written primarily to 
serve as a biochemical foundation for 
those studying the agricultural sciences, 
the book can also be recommended to 
all who wish to obtain a condensed re- 
view of the present status of biochemi- 
cal knowledge. 


FRANCIS JOSEPH WEISS 
Arlington, Virginia 


New Books 


Mathematics, Physical Sciences, 
and Engineering 


Pulp and Paper. Chemistry and chem- 
ical technology. vol. 1, Pulping and 
Bleaching. James P. Casey. Interscience, 
New York, ed. 2, 1960. 694 pp. Illus. 
$19.50. 

Reactions between Complex Nuclei. 
Alexander Zucker, Frederick T. Howard, 
and Edith C. Halbert, Eds. Wiley, New 
York, 1960. 328 pp. Illus. $7. Proceedings 
of a conference (2—4 May 1960) spon- 
sored by the American Physical Society 
and the Oak Ridge National Laboratory. 

Reports on Progress in Physics. vol. 22, 
1960. A. C. Stickland, Ed. Physical So- 
ciety, London, 1960. 633 pp. 

Rival Theories of Cosmology. A sym- 
posium and discussion of modern theo- 
ries of the structure of the universe. H. 
Bondi, W. B. Bonnor, R. A. Lyttleton, 
and G. J. Whitrow. Oxford Univ. Press, 
New York, 1960. 76 pp. Illus. $2.25. 

Rontgenographische Chemie. E. Bran- 
denberger and W. Epprech. Birkhauser, 
Basel, Switzerland, 1960. 272 pp. Illus. 
F: 

Seminar on Transformation Groups. 
Armand Borel. Princeton Univ. Press, 
Princeton, N.J., 1960. 251 pp. $4.50. Con- 
tributions by G. Bredon, E. E. Floyd, D. 
Montgomery, and R. Palais. 

Silicon and Its Binary Systems. A. S. 
Berezhanoi. Translated from Russian. 
Consultants Bureau, New York, 1960. 283 
pp. $8.50. Originally published in 1958 by 
the Academy of Sciences of the Ukrai- 
nian SSR. 

Silicon Carbide. A high temperature 
semiconductor. J. R. O’Connor and J. 
Smiltens, Eds. Pergamon, New York, 
1960. 540 pp. Illus. $12.50. Proceedings 
of a conference (1959) sponsored by Air 
Force Cambridge Research Center. 

Some Ionospheric Results Obtained dur- 
ing the International Geophysical Year. 
W. J. G. Beynon, Ed. Elsevier, Amster- 
dam, 1960 (order from Van Nostrand, 
Princeton, N.J.). 413 pp. Illus. Proceed- 
ings of a symposium organized by the 
URSI/AGI Committee (Brussels, Sep- 
tember 1959). 

Space Rockets and Missiles. Raymond 
F. Yates and E. Russell. Harper, New 
York, 1960. 349 pp. Illus. $3.50. 

Spectra and Analysis. A. A. Kharkevich. 
Translated from Russian. Consultants 
Bureau, New York, 1960. 228 pp. $8.75. 
Translated from the revised edition pub- 
lished by the State Press for Technical 
and Theoretical Literature, Moscow, 1957. 

Spot Tests in Organic Analysis. Fritz 
Feigl. Translated by Ralph E. O6esper. 
Elsevier, Amsterdam, ed. 6, 1960 (order 
from Van Nostrand, Princeton, N.J.). 
695, pp. Illus. $13.25. 

Tables and Nomograms of Hydrochem- 
ical Analysis. I. Yu. Sokolov. Translated 
from Russian. Consultants Bureau, New 
York, 1960. 85 pp. Paper, $4.35. 

Tables of Lommel’s Function of Two 
Variables. E. N. Dekanosidze. Translated 
from Russian by D. G. Fry. Pergamon, 
New York, 1960. 499 pp. $20. 

Vibrations from Blasting Rock. L. Don 
Leet. Harvard Univ. Press, Cambridge, 
Mass., 1960. 149 pp. Illus. $4.75. 


Miscellaneous Publications 


(Inquiries concerning these publications should 
be addressed, not to Science, but to the publisher 
or agency sp ing the publi ) 

American Midland Naturalist. Cumula- 
tive Index, (vols. 1-60). George R. Ber- 
nard, Ed. American Midland Naturalist, 
Notre Dame, Ind., 1958. 530 pp. $4.25. 
Contains author, new genera and species, 
and subject indexes. 

Education for Africans in Tanganyika. 
A preliminary survey. Betty George. U.S. 
Office of Education, Washington, D.C., 
1960 (order from Supt. of Documents, 
GPO, Washington 25). 97 pp. $0.40. 

The Ending of Wilhelm Reich’s Re- 
searches. Charles R. Kelley. Interscience 
Research Inst., Stamford, Conn., 1960. 
19 pp. $0.50. Kelley examines the Reich- 
orgone energy controversy and recounts 
his attempts to discuss, with responsible 
Officials, the injunction obtained by the 
Food and Drug Administration to ban 
Reich’s books and journal publications. 
Kelley says that he was unable to obtain 
an appointment with Mrs. Hobby who was 
the Secretary of Health, Education, and 
Welfare at the time. 

Federal Funds for Science. No. 9, The 
Federal Research and Development, Budg- 
et, Fiscal Years 1959, 1960, and 1961. 
National Science Foundation, Washing- 
ton, D.C., 1960 (order from Supt. of 
Documents, GPO, Washington 25). 89 
pp. $0.50. 

Labor Relations Policy in an Expanding 
Economy. vol. 333 of Annals of the Amer- 
ican Academy of Political and Social Sci- 
ence. Marten S. Estey, Ed. The Academy, 
Philadelphia, Pa., 1961. 213 pp. Cloth, 
$3; paper, $2. 

Large Radiation Sources in Industry. 
vol. 2. International Atomic Energy 
Agency, Vienna 1, Austria, 1960 (order 
from UNESCO Publications Center, New 
York 22). 447 pp. Illus. Paper, $4.50. 
This is the second volume of the proceed- 
ings of a conference on the application of 
large radiation sources in industry and 
especially to chemical processes, which 
was organized by the Agency at Warsaw 
on 8-12 September 1959. Four major 
topics are covered: radiation and chemical 
reaction, special applications of radia- 
tion, radiation and food preservation, and 
economics of radiation processing. 

A Monograph of the Nearctic Plagio- 
chilaceae. Rudolf M. Schuster. American 
Midland Naturalist, Notre Dame, Ind., 
1960. 434 pp. $4. Papers reprinted from 
vols. 62 and 63, American Midland 
Naturalist. 

Review of Fungal Diseases of Cotton in 
Reve. Egyptian Reviews of Science, vol. 

. M. A. Mostafa. Science Council, Cairo, 
159, 55 pp. 

Symposium: Speciation and Raciation 
in Cavernicoles. American. Midland Nat- 
uralist, Notre Dame, Ind., 1960. 160 pp. 
$2.50. Papers presented at the 1959 an- 
nual meeting of the AAAS, in a sym- 
posium sponsored by the National Spele- 
ological Society and the Society of 
Systematic Zoology. 

United States Business Performance 
Abroad. No. 9, The General Electric 
Company in Brazil. Theodore Geiger. 
National Planning Assoc., Washington 9, 
1961. 105 pp. Paper, $1. 
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A Mechanism of Light Adaptation 


Abstract. In the isolated retina of the 
bullfrog (Rana catesbiana) illumination of 
one part of a ganglion cell’s receptive 
field increased the light threshold (for re- 
sponse by that cell) not only in the illumi- 
nated part but also in the unilluminated 
parts of the field. Scattered light is insuf- 
ficient to account for the effect. Apparent- 
ly it depends on changes in the efficiency 
of excitation transmission along the neural 
pathways from photoreceptors to ganglion 
cell. 


Visual thresholds rise on exposure to 
increased illumination (light adapta- 
tion) and fall on exposure to de- 
creased illumination (dark adapta- 
tion). Five hypotheses have been ad- 
vanced in explanation. The first, that 
these processes are due entirely to 
bleaching and regeneration, respective- 
ly, of rhodopsin, has been shown to be 
untrue (J), except possibly at high light 
intensities. The second, that changes oc- 
cur in the spatial summation of light 
stimuli incident on the retina, has been 
found to account for only a 20-fold 
threshold change out of a 3000-fold 
total in the human being (2). The third, 
assuming similar changes in temporal 
summation, has not been adequately 
tested, but it is unlikely that it will ac- 
count for any greater threshold change 
than the second. The fourth is that a 
rod consists of many compartments, 
each inactivated by the photolysis of 
any one of the molecules of rhodopsin 
in it—the rod’s output activity being 
proportional to the number of photons 
absorbed in intact compartments (3). 
This would result in the threshold’s be- 
ing related, though not in inverse pro- 
portion, to the amount of rhodopsin 
present. The fifth is that the efficiency 
with which excitation is transmitted 

Instructions for preparing reports. Begin the re- 
port with an abstract of from 45 to 55 words. The 
abstract should not repeat phrases employed in 
the title. It should work with the title to give the 
reader a summary of the results presented in the 
report proper. 

Type manuscripts double-spaced and submit one 
ribbon copy and one carbon copy. 

Limit the report proper.to the equivalent of 
1200 words. This space includes that occupied by 
illustrative material as well as by the references 
and notes. 

Limit illustrative material to one 2-column fig- 
ure (that is, a figure whose width equals two col- 
umns of text) or to one 2-column table or to two 
l-column illustrations, which may consist of two 
figures or two tables or one of each. 


For further details see “Suggestions to Contrib- 
utors” [Science 125, 16 (1957)]. 
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Reports 


from the receptors to the optic nerve 
is changed during light or dark adapta- 
tion. The last two hypotheses were 
tested over the lower 600-fold threshold 
change by the experiments described 
below. 

In each experiment the excised retina 
of a dark-adapted bullfrog (Rana ca- 
tesbiana) was placed receptor side up in 
a moist chamber and supplied with a 
moistened mixture of 95 percent oxy- 
gen and 5 percent carbon dioxide. A 
microelectrode pierced down through 
the retina to contact the body or axon 
of a single ganglion cell. Its action po- 
tentials were amplified and presented 
on an oscilloscope and a loudspeaker. 
In contact with the underside of the 
thin glass cover slip forming the cham- 
ber’s bottom was a metal diaphragm 
having a tiny opening. The chamber 
and electrode holder were mounted on 
a stage that was movable with respect 
to the diaphragm, and whose position 
could be determined within 5 » by mi- 
crometer screws. Light from a tungsten 
filament lamp, of an intensity deter- 
mined by a neutral density wedge, 
passed through an electromagnetic shut- 
ter, a system of lenses and mirrors, and 
the diaphragm, entering the retina in 
the natural direction from the gang- 
lion cell side and forming an oval light 
spot about 100 by 160 ,» at the re- 
ceptors. 

Threshold was tested with /2-second 
light flashes at S-second intervals. 
Threshold was taken as that intensity 
which elicited three responses (dis- 
charge of action potentials) from the 
ganglion cell in four successive flashes. 
These responses are known to be rod- 
dominated (4). The retinal region (re- 
ceptive field) in which illumination 
elicited a response was located. Mi- 
crometer screws at the left and right 
of the stage were set so that movement 
of the stage into contact with one or 
the other would direct the light spot 
onto either of two selected areas in the 
receptive field. One area was illumin- 
ated continuously for several minutes. 
Then the thresholds were measured al- 
ternately at the (previously) illuminated 
and the unilluminated areas to deter- 
mine how much each had changed, and 
to follow their dark adaptation (5). 

The unilluminated area, as well as 
the illuminated one, showed a rise in 


threshold. To determine whether this 
was caused by light scattered from the 
illuminated to the unilluminated area, 
use was made of measurements taken 
previously on the same apparatus of the 
light-scattering properties of the frog 
retina (6). An upper bound was com- 
puted for the average intensity of light 
scattered from the illuminated area to 
the rods of the unilluminated area. Di- 
rect illumination of the latter .with the 
average or a greater intensity produced 
a threshold rise which in nine out of ten 
areas so tested (in three different ret- 
inas) was less than the rise to be ex- 
plained. In the tenth it was slightly 
greater. Since these upper bounds ex- 
ceed the actual light scatter, these ex- 
periments showed that little, if any, of 
the threshold rise in the unilluminated 
area was caused by scattered light. 

In the experiment illustrated in Fig. 
1, area 1 was the most sensitive region 
of the receptive field, and area 2 was 
more peripheral by 350 yp», with 100 
times higher threshold. Area 1 was illtu- 
minated for 10 minutes with 315,000 
times its threshold intensity. This caused 
a greater rise in area 2’s threshold than 
did the same illumination directed onto 
area 2. The same was true in three other 
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Fig. 1. Dark adaptation of illuminated and 
unilluminated areas in the receptive field 
of a frog’s retinal ganglion cell after 10 
minutes of illumination of one of the 
areas. Ordinate: common logarithm of the 
relative light intensity. Abscissa: minutes 
in the dark. Curves 1A and 2A, thresholds 
of areas 1 and 2, respectively, after illumi- 
nation of area 2. Curves JB and 2B, 
thresholds of areas 1 and 2, respectively, 
after illumination of area 1. Both illumi- 
nations were made with light of 5.5 loga- 
rithmic units relative intensity. Curve 1C, 
threshold of area 1 after illumination of 
area 1. Curve 2C, threshold of area 2 
after illumination of area 2. Both illumi- 
nations were made with light of 3.5 
logarithmic units relative intensity. For 
the first two illuminations the computed 
upper bound of light scatter from one 
area to the other was 2.3 logarithmic 
units relative intensity. Note that 1A ex- 
ceeds JC, and that 2B exceeds both 2C 
and 2A. 
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central-peripheral pairs of areas so 
tested. 

In another experiment, in a single 
receptive field the effect of illumination 
at the center was compared with illu- 
mination of three areas peripheral by 
various distances. The threshold rises 
evoked centrally by peripheral stimula- 
tion, and vice versa, did not decrease 
rapidly with increased separation (as 
would be expected if caused by scat- 
tered light), but remained roughly the 
same over the whole range of oper 
tions (300-810 

For a fixed duration of light adapta- 
tion, it was found that ~ hi; 
where Js: is the post-adaptation thresh- 
old (measured after 1 minute in the 
dark) and Ji is the pre-adaptation 
threshold, both for the tested area; k is 
a constant; Ja is the adapting intensity; 
and J: is the pre-adaptation threshold 
of the illuminated area. If illumination 
and testing are done on the same area, 
Ii: and li become the same. This re- 
lation held no matter which was the il- 
luminated and which the tested area in 
the given receptive field. It held, and 
with the same constant of proportional- 
ity, for four receptive fields, all “on- 
off” type, each in a different retina, in 
which a total of 31 adaptations were 
measured. 

These findings indicate that the frac- 
tion of excitation reaching the ganglion 
cell from illuminated receptors any- 
where in the receptive field is reduced 
in proportion to the amount of activity 
just previously sent toward the ganglion 
cell from illuminated receptors in the 
same or a different region of the recep- 
tive field. The resultant threshold rise 
found on testing any group of receptors 
is not dependent on their previous ex- 
posure to light (and any consequent 
changes in their visual pigments), but 
apparently is a change in the efficiency 
of excitation transmission along the 
neural pathways to the ganglion cell 
AB 

Leo E. 
Institute for Research in Vision, 
Ohio State University, Columbus 
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Plaque Reduction, a Sensitive 
Test for Eastern Encephalitis 
Antibody 


Abstract. Serologic surveys of verte- 
brates to determine rates of eastern en- 
cephalitis infection were made to discover 
the most likely disseminators of virus in 
nature. Of the techniques available, neu- 
tralization is the most specific, and anti- 
body is known to persist for many years. 
This communication reports a fivefold in- 
crease in sensitivity of neutralizing-antibody 
detection by the application of a plaque- 
reducing technique. 


Itoh and Melnick (/) were able to 
detect antibody to ECHO type 4 virus 
by plaque reduction when standard tube 
techniques failed to reveal it. They 
defined the titer of a serum as the 
highest dilution which reduced the num- 
ber of plaque-forming units by 80 
percent. The use of this method for 
detecting eastern encephalitis antibody 
was suggested by Henderson and Taylor 
(2) 

Adequate numbers of sera, in ade- 
quate amounts, were not available for 
testing from natural infections; only 
11 human sera, collected 11%2 to 22 
years after infection with the virus, 
were available. To induce infection, five 
wild rabbits, five crows, two blue jays, 
four pigeons, five chickens, five frogs, 
and four squirrels were inoculated 
subcutaneously with eastern encephalitis 
virus. All animals which became 
viremic produced plaque-reducing neu- 
tralizing antibody and maintained it 
throughout the 9 months of serial 
bleedings (group 1). The animals in 
which viremia was not demonstrated 
failed, with one exception, to produce 
antibody, and blood samples from these 
animals, together with samples from 
pre-inoculation bleedings, comprised the 


controls (group 2). Blood samples 
from these various sources plus 91 
samples from field specimens of birds 
and mammals (group 3) made a total 
of 229 sera examined in parallel by 
two methods. 

Chick embryo tissue cultures were 
prepared, as described previously (3). 
The planting medium, Hanks-Eagle- 
pyruvate 1-percent fresh egg albumin 
(HEPA), was supplemented with 1- 
percent horse serum to obtain a con- 
tinuous sheet of cells in 60-mm plastic 
petri dishes. After 48 hours of in- 
cubation the medium in tube cultures 
was replaced with “change medium” 
HEPA, buffered with tris hydroxy- 
methyl amino methane (pH 7.8) (no 
bicarbonate and no serum). The plant- 
ing medium was removed from the 
plates just before inoculation. 

Sera were diluted 1:5, inactivated 
at 56°C for 30 minutes, and incubated 
for 1 hour at room temperature with an 
equal volume of eastern encephalitis 
virus at a dilution calculated to contain 
200 TCID» per 0.1 ml. Two plates and 
two tube cultures were inoculated with 
0.1 ml of each serum-virus mixture. 
After 1 hour of adsorption at 36°C, the 
plates were overlaid, without washing, 
with 4 to 5 ml of “change medium” con- 
taining 1 to 1.5 percent of agar. After 
48 to 72 hours’ incubation at 36°C, the 
plates were stained with neutral red 
(1:10,000) in saline. 

The plaque-forming units of several 
control plates were averaged in each of 
nine experiments; the average number 
of units ranged from 25 to 80. In 
tube cultures, hemagglutination of goose 
red blood cells by supernatant fluids 
(4) served to differentiate specific viral 
cytopathogenic effects from other tissue- 
destroying factors, such as toxic sera. 


Table 1. Detection of eastern encephalitis neutralizing antibody: results of tests by two methods, 
in parallel, of serum-virus mixtures. Group 1, sera (N = 11) from human beings who had recovered 
from eastern encephalitis, and sera (N = 97) from inoculated animals after viremia had been 
demonstrated. Group 2, sera from animals before inoculation, and after inoculation when no 
viremia had been demonstrated. Group 3, sera from field specimens (birds and mammals). 


Plaque-reduction neutralization* 


Tube-culture neutralizationt 


Positive Equivocal Negative Positive Equivocal Negative Total 
Group 1, infected 
82 18 1 53 82 
16 0 1 15 16 
10 0 0 10 10 
Group 2, controls 
3t 0 0 3 3 
0 0 0 0 0 
27 0 0 27 27 
Group 3, unknowns 
7 0 2 5 7 
2 0 0 2 2 
82 0 0 82 82 
Totals 
92 18 119 18 14 197 229 


* Categories for reduction of plaque count of the serum-virus mixtures are as follows: 


) 0 to 20 percent 


of the average count of plaque-forming units of virus controls; (equivocal) 21 to 30 percent; (negative) 31 percent 


or more. ft (Positive) 2:2 cultures, no virus growth; ( 


1) 1:2 cul no virus growth; (negative) 0:2 


cultures, no virus growth. {¢ Three blood samples from a single inoculated wild rabbit; presumably viremia was 


missed. 
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The following technical points con- 
tributed to success in the tests. (i) Re- 
placement of tris buffer in the overlay 
with sodium bicarbonate (0.35 g/lit.) 
and incubation in 5-percent carbon- 
dioxide increased the contrast of stain- 
ing and the size of the plaques. (ii) The 
volume of inoculum for test and control 
plates was always kept the same, since 
in pilot experiments multiples in excess 
of five of the standard inoculum (0.1 
ml) gave a lower count of plaque- 
forming units than was expected; this 
was ascribed to the reduction in num- 
ber of cell hits by virus particles with 
increasing depth of fluid. With the 
small volume of inoculum, a humid 
atmosphere during adsorption was 
essential to prevent destruction of the 
cell sheet by drying. 

Of 92 sera found positive by the 
plaque-reduction technique, only 18 
(20 percent) were found positive by 
the tube assay of the same serum-virus 
mixtures (Table 1). Sixteen of these 
positive tube tests were on sera which 
reduced the plaque-forming units to 
the lowest level—that is, strongly posi- 
tive sera. The 11 sera collected from 
seven human beings who had recovered 
from eastern encephalitis were all 
strongly positive according to the 
plaque-reducing test, but only five were 
positive according to the tube test. The 
inefficiency of tube cultures in antibody 
detection is believed to be due to the 
high sensitivity of such cultures to a 
few unneutralized particles of infectious 
virus. Dissociation of virus from anti- 
body in the fluid medium may be a 
factor. 

Correlation of results of the plaque- 
reducing test with the history of the 
serum donor was good. There were no 
false positive results in these tests in the 
control group. Only four sera could be 
considered is, 
sera in which the plaque-reducing test 
failed to reveal antibody when the 
animal had previously been shown to 
be producing antibody. 

We hope in the future to get more 
accurate information, through the 
plaque-reducing method, on immunity 
to eastern encephalitis in human beings 
in endemic areas and in animals col- 
lected in the field (6). 

JoaN B. DANIELS 
JOAN J. RATNER 
R. BROWN 
Diagnostic Laboratory, Massachusetts 
Department of Public Health, and 
Department of Bacteriology, Harvard 
Medical School, Boston, Massachusetts 
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Nondiscriminated Avoidance 
Behavior in Human Subjects 


Abstract. College students were required 
to learn a plunger-pulling response to 
postpone the occurrence of a shock or to 
avoid the loss of a monetary reward. 
Marked individual differences in the re- 
sponse patterns appeared in the first hour 
and persisted through 20 hours of testing. 
These differences overshadowed those pro- 
duced by moderate alterations in the 
schedule or value of the aversive event. 


Since Sidman (/) described the ex- 
perimental schedule in which each re- 
sponse postpones the occurrence of an 
aversive event, it has been used in 
numerous studies of rats, cats, mon- 
keys, and pigeons (2). 

Recently, Hefferline et al. (3) re- 
ported conditioning human adults to 
make a tiny, involuntary twitch of the 
thumb in order to turn off or postpone 
an aversive noise. Baer has used the 
same avoidance-escape schedule with 
preschool children (4) who worked to 
escape interruptions in the presentation 
of cartoons. 

The subjects in this experiment were 
33 paid volunteer college students. Two 
kinds of motivating conditions were 
used: under the shock-avoidance condi- 
tion, the subject had disk electrodes 
strapped to the front and back of his 
forearm on the nonpreferred side. The 
aversive stimuli were alternating-cur- 
rent pulses of 30-msec duration which 


were individually adjusted to the high-_ 


est level judged endurable (which 
ranged from 0.3 to 1.0 ma). Subjects 
at both ends of the shock current con- 
tinuum described the shock as “a sharp 
pinprick.” Under the coin-loss condi- 
tion, the subjects were shown 100 -pen- 
nies in a display magazine and told 
that all pennies remaining at the end 
of the session would be added to their 
base pay of $1.50 per hour. The aver- 
sive stimulus under this condition was 
the disappearance of a penny from the 
magazine, with the accompaniment of 
a loud clang. Under both conditions 
the aversive events occurred at 20- 
second intervals unless the appropriate 
response was made. 

Two Lindsley manipulanda (5) 


protruded from the front of the fully 
enclosed relay rack that also served to 
support the penny magazine. Pulling 
and releasing the left-hand plunger was 
the correct response, while manipulat- 
ing the right-hand lever was entirely 
irrelevant. 

Six subjects were run for % hour 
under the shock-avoidance condition, 
followed by % hour under the coin-loss 
one, and five were run in the reverse 
order, coin-loss followed by shock- 
avoidance. The remaining 22 subjects 
were tested under the coin-loss condi- 
tion only. The first 23 subjects were 
told only that something they could do 
in the experimental room would in- 
fluence how many aversive stimuli were 
presented. The last 10 were told that 
the plungers on the front of the ap- 
paratus would control the occurrence 
of the aversive stimuli,- but were not 
told how to use them. 

Of the 33 subjects, 23 developed a 
stable avoidance response within the 
first hour. However, only nine achieved 
the most efficient pattern of responding 
in that (i) their rate of responding on 
the correct plunger approached three 
responses per minute, and (ii) the rate 
on the irrelevant plunger was zero. Of 
11 subjects exposed to both loss of coin 
and shock as aversive stimuli, 82 per- 
cent developed an avoidance response; 
of those exposed to loss of coins only, 
64 percent did so. The difference, not 
statistically significant, appeared to be 
due to a resurgence in exploratory be- 
havior after the experimenter entered 


COIN CONDITION SHOCK CONDITION 


Fig. 1. Representative records from first 
hour of testing. Each response by subject 
moves pen vertically. Full excursion is 
500 responses. Small pips on record indi- 
cate occurrence of aversive event—loss of 
coin in all cases but C. The horizontal line 
indicates responses on the irrelevant lever. 
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Fig. 2. Records of selected 2-hour test 
sessions from two subjects. A, 3rd session; 
B, 9th session of subject with lowest mean 
rate; C, 3rd session; D, 9th session of sub- 
ject with highest mean response rate. .The 
session previous to that shown in B 
required 12 responsés per minute. 


the room halfway through the period 
to give new instructions. On inquiry, 7 
of the 11 subjects who experienced 
both conditions stated that losing 
money was the more distasteful, only 
three said the shock was more distaste- 
ful, and one was indifferent. Avoidance 
responses were developed equally often 
by those who were instructed to use the 
plunger and by those who were not. 
Those who were not so instructed some- 
times displayed such bizarre behavior 
as standing in the corner or standing 
on the heads. The proportions of 
males and females who learned the 
avoidance response did not differ. 
Three representative records from 
the first hour of testing are shown in 
Fig. 1. The record of an individual who 
did not develop an avoidance response 
is shown in Fig. 1A. Characteristically, 
some responses were made on each 
plunger during the first half-hour of 
the session, but all efforts were aban- 
doned after the pennies were exhausted 
about midway in the session. Figure 
1B shows a common pattern of abrupt 
change in response rate. Also common 
was the pause such as occurred at the 
point marked T in the record. Note 
that the irrelevant right-hand plunger 
was pulled throughout the session, and 
also that satiation phenomena appeared 
near the end of the hour. The individ- 
ual of Fig. 1C showed _ initially 
overcomplex behavior that was later 
eliminated, but he continued to 
manipulate the irrelevant plunger 
throughout. Also of interest is his lack 
of generalization of the response be- 
tween the two conditions; such a fail- 
ure was the rule, occurring in five of 
six opportunities. Some _ individuals 
eliminated responses on the irrelevant 
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plunger, but maintained an inappropri- 
ate rate, while others achieved an ap- 
propriate rate but failed to eliminate 
the irrelevant responses. No subject de- 
veloped the most economical response 
pattern within the first hour’s training. 

After the first experimental session, 
10 subjects were selected at random 
to participate in 20 additional hours of 
testing, and seven of them completed 
the entire series of tests. The loss of 
coins was used throughout this series 
as the aversive event; to investigate the 
effects of variation in the length of test 
session, in the interval between loss of 
coins, and in the magnitude of each 
loss. 

All these subjects acquired the 
avoidance response by the end of the 
second hour, although some persisted 
with inappropriate rates and responses 
on the irrelevant lever throughout the 
entire 20 hours of testing. Typically 
from the third session on, each subject 
entered the experimental room and 
commenced immediately to pull the 
plunger at his characteristic rate. Only 
one subject showed the so-called warm 
up phenomenon that is often encoun- 
tered in rats working under this sched- 
ule. Records of the third and ninth test- 
ing sessions (during which the re- 
sponse-loss interval was 20 seconds, 
and each aversive event cost 2 cents) 
for the subjects with highest and low- 
est response rates are shown in Fig. 2. 
Differences in response rates between 
individuals far exceeded those pro- 
duced by alterations in the experimental 
conditions. Mean response rates for 
subjects under all conditions ranged 
from 6.21 to 119.8 per minute. In con- 
trast, the median responses per minute 
for the three conditions of coin value 
were: 2 cents, 7.91; 10 cents, 8.22; and 
50 cents, 8.88. The interval between a 
response and the loss of the next coin 
had a somewhat greater influence: at a 
5-second interval the median rate was 
22.84 responses per minute (12 was 
the minimum rate to protect all coins). 
Rates for the 20- and 80-second in- 
tervals were 4.46 and 3.06 respectively. 

The basis for the large individual dif- 
ferences observed in the performance of 


nondiscriminated avoidance behavior 


by human subjects is now being in- 
vestigated in this laboratory (6). 
GEORGE C. STONE 
Langley Porter Neuropsychiatric 
Institute, California Department of 
Mental Hygiene, and Department of 
Psychiatry, University of California 
School of Medicine, San Francisco 
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Electroretinogram in Response 
to X-ray Stimulation 


Abstract. The retina of the grass frog, 
Rana pipiens, responds to flashes of high- 
intensity x-rays and produces an electro- 
retinogram indistinguishable in form from 
the electroretinogram produced in response 
to light stimulation at low and interme- 
diate intensities. At higher intensities the 
form changes and, for maximal responses, 
the electroretinogram in response to x- 
rays shows a lower amplitude and a longer 
latent period than that in response to light. 
The prolonged latent period indicates ad- 
ditional intermediate reactions for the x- 
ray response. 


Invisibility is generally emphasized as 
one of the properties of x-radiation 
(1). The ability of x-rays to evoke 
some sort of retinal response, however, 
has been known from the fact that, in 
early years, men looked into x-ray 
beams and reported various visual sen- 
sations. Once the harmful nature of x- 
rays was recognized, this activity was 
suddenly curtailed. 

Two successful attempts to produce 
electroretinograms by x-rays have been 
reported in the literature. Himstedt and 
Nagel (2) showed records from frogs 
and birds which indicate little more 
than some sort of electrical disturbance 
caused by x-rays; these records bear 
little resemblance to the electroretino- 
gram as recorded today, in response to 
light, with modern equipment. Elenius 
and Sysimetsé (3) gave a brief report 
on low, threshold responses in human 
subjects suffering from cataracts. 

Attempts to produce an _ electro- 
retinogram in response to x-rays usually 
fail, due, apparently, in large part to 
inability to stimulate the retina with 
intense, quick flashes of high-energy 
x-rays. In the research reported here the 
difficulty was overcome with the experi- 
mental setup shown in Fig. 1. The 
high-intensity beam was built up, while 
the %-in. lead shutter protected the 
eye of the frog from the beam. Slits of 
various widths in the lead shutter were 
passed over the eye, by remote control, 
much as a focal-plane shutter operates 
in a camera. The movement of the 
shutter gave exposure times propor- 
tional to the width of the slit and the 
speed of movement of the shutter. The 
duration of the exposure was monitored 
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by. a photoelectric cell, sensitive to x- 
rays, placed in such a position that the 
beam of x-rays struck the cell at pre- 
cisely the same time that it struck the 
eye. The whole eye was exposed to the 
x-ray beam. 

A General Electric No. 1493 bulb, 
the source of light, was mounted inside 
a light-tight box, together with reflector, 
condensing lenses, and projecting lenses. 
An Alphax heavy-duty synchromatic 
shutter (Wollensak) was mounted on 
the front of the box. A small front- 
surface mirror, placed above the animal 
just outside the path of the x-ray beam, 
directed the horizontal light beam into 
the eye and provided total, uniform 
illumination of the eye. The instru- 
ments controlling the intensity of the 
light source were operated from an 
adjacent control room. The opening and 
closing of the shutter were remotely 
controlled by means of a shutter release 
with synchronizing circuits for trig- 
gering the oscilloscope and accessory 
photographic equipment. The output of 
the lamp was calibrated by reference to 
a standard lamp obtained from the Na- 
tional Bureau of Standards. The be- 
ginning and end of the light stimulation 
were indicated by the signal from a 
photocell mounted above the animal 
in a position such that the light passing 
the mirror fell on the cell. 

The animal was supported on a block 
of Styrofoam, which had been carved 
to fit the shape of its body. This block 
was fitted in the plastic container, to 
which water was added to keep the 
animal moist during the course of the 
experiment. Not evident in the figure is 
the fact that the animal was restrained 
in order to avoid the possibility of move- 
ment, which might interfere with the 
alignment of the eye relative to the 
x-ray and light beams. Shielded leads 
from the two electrodes in the animal 
were taken to a Tektronix type 122 pre- 
amplifier. The response was displayed 
on one beam of a Tektronix type 502 
dual-beam oscilloscope, the signal from 
the photocell was displayed on the 
other beam, and the traces were re- 
corded photographically with a Grass 
Kymograph camera. The information 
obtained from the oscilloscope was 
supplemented by concomitant recording 
from a Grass Model III-D electroen- 
cephalograph; two additional leads were 
taken from the electrodes in the animal 
to this instrument, as well as leads 
from the photocells. 

Records were made from animals in 
which the cornea and_lens had been 
removed and in which an electrode 
(either Ag-AgCl or 0.005-in. platinum- 
iridium wire fused into the tip of a 
small glass capillary tube) had been 
placed in the vitreous humor. More 
commonly, in view of the greater stabil- 
ity of the preparation, records were 
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made from the intact eye. Contact with 
the eye was made with a small stainless 
steel needle or with a sealed-wick-elec- 
trode assembly, shown in Fig. 2. The 
wick was placed in contact with the 


surface of the eye, at the periphery, so 
as not to interfere with the light or 
x-ray beam. Sealed-wick assemblies of 
this type posed no problem of drying 
for periods in excess of 8 hours. The 


Fig. 1. Apparatus used for stimulation with light or x-rays, or both: 1, x-ray tube; 
2, lead shield of x-ray tube; 3, x-ray beam; 4, track and support for lead shutter; 5, lead 
shutter; 6, shutter control shaft; 7, housing for control shaft; 8, lead shield over animal, 
with hole of same diameter as eye of animal; 9, light beam; 10, front-surface mirror; 
11, photoelectric cell to record light signal; 12, plastic container with animal in water. 
Connections between animal and recording equipment are not shown. The photocell 
for recording x-ray signal is described in the text. 


Ag-AgC! Wire 


( Ringer's Sdlution 


seeeeeene- Conductor RESPONSE TO LIGHT RESPONSE TO X-RAYS 
| Insulation 
6.5 r/sec — 
Shield 
16 t/sec 
Gloss Tube 


Fig. 2 (left). Wick electrode with sealed reservoir, designed to prevent leakage and 
permit use for extended periods of time. Fig. 3 (right). Electroretinal responses to light 
flashes of 0.08-second duration and intensities from 0.25 to 3000 m-ca, and to x-rays 
of 0.04-second duration and intensities from 6.5 to 162 r/sec. All responses are from 
the same animal during the same experiment. Calibration values: 150 uv and 100 msec. 
The duration of x-ray stimulus used here exposed the eye to a minimum of x-ray 
damage yet produced maximal responses at the higher intensities. 
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LIGHT INTENSITY 


MICROVOLTS 


AMPLITUDE 


X-Ray Stimulus 


LOG X-RAY INTENSITY 

Fig. 4. Mean amplitude of b-wave in the 
on response to x-rays and to light, plotted 
as a function of the logarithm of light in- 
tensity in meter-candles and of x-ray in- 
tensity in roentgens per second. Duration 
of stimulus as in Fig. 3. The values in- 
dicate that a maximal response was ob- 
tained in both situations. Values are based 
on experiments involving 35 animals. 


indifferent electrode in all cases was 
placed in contact with the skin over the 
nose. It was possible with this arrange- 
ment to record responses to light and 
responses to x-rays from the same 
animal under identical conditions with- 
out disturbing the assembly, since stim- 
ulating and recording equipment was 
controlled from a shielded room that 
was adjacent to the room containing 
the x-ray tube, the light source, and the 
animal. 

A typical series of “on” responses to 
light and to x-rays is shown in Fig. 3, 
ranging from near-threshold responses 
to maximal responses obtainable for 
that particular retina. There is a strik- 
ing similarity between the two sets of 
responses reproduced in Fig. 3, espe- 
cially between the responses to light 
from threshold to 1.5 m-ca and the 
responses to x-rays from threshold to 
66 r/sec. Lest it be concluded, there- 
fore, that the mechanism of action of 
the two stimuli are the same, certain 
differences should be pointed out. 

The mean maximal amplitude of the 
b-wave from 35 animals in response to 
X-rays was 665 pv, whereas the mean 
maximal amplitude obtained from the 
same animals in response to light was 
1010 pv (Fig. 4). Increasing the mag- 
nitude of the stimulus in either case did 
not increase the amplitude beyond these 
maximal values. It is remarkable that 
the magnitude of the stimulus necessary 
to evoke the responses shown in Fig. 2 
covered a 12,000-fold range for light, 
whereas the range for x-rays was only 
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25-fold. This point is emphasized in 
Fig. 4. by the different logarithmic 
scales for light intensity and for x-ray 
intensity. 

The latent period for the response to 
x-rays in Fig. 2 varied from 135 msec 
for the maximal response to 190 msec 
for the minimal response; the latent 
period for the response to light, by con- 
trast, varied from 60 msec for the 
maximal response to 150 msec for the 
minimal response. That Elenius and 
Sysimetsé did not detect a difference 
in the latent period of the two responses 
is probably due to the fact that they 
considered only a threshold response. 
At such low levels, the latent period of 
the two responses does not differ as 
greatly as at higher amplitudes, al- 
though, in the work under discussion, 
considerable difference was found even 
at the lower amplitudes. In studies on 
35 animals, for example, the mean 
latent period for 120-v responses to x- 
rays was 181 msec, whereas for com- 
parable responses to light it was 140 
msec. The mean latent period for maxi- 
mal responses to x-rays for the same 
animals was 129 msec, whereas for 
maximal responses to light the latent 
period was 71 msec. 

The period of latency of the two 
responses is of considerable significance. 
Differences in latency suggest different 
mechanisms in the interaction between 
the photoreceptors and light, on the one 
hand, and the photoreceptors and x-rays 
on the other. Absorption of x-ray 
photons by the rods is apparently re- 
sponsible for the electroretinogram. 
This assumption is based on two lines 
of evidence. First, no electroretinogram 
in response to x-rays could be elicited in 
this laboratory from the horned toad, 
an animal which lacks rod vision. 
Second, when the logarithm of the 
brightness of light necessary to produce 
a constant response is plotted as a func- 
tion of time in the dark, the resulting 
curves for dark adaptation show a break 
which characteristically occurs during 
the early stages of adaptation. This 
break is similar to breaks which have 
been reported in curves for dark adapta- 
tion in human beings and which have 
been shown to indicate a shift from 
cone to rod function. Such a break was 
observed in the response to light but 
not in the response to x-rays. In view 
of the results reported here, we propose 
that, in some way analogous to the 
manner in which the rods react with 
visible light, the pigment of the rods, 
rhodopsin, absorbs x-ray quanta, under- 
goes chemical change, and leads to 
excitation which produces the electro- 
retinogram. In this sequence of events 
the delay, and hence the difference in 
the response, is to be found in the 
chemical change involved in the bleach- 


ing of rhodopsin. It is suggested that 
the reaction of radicals produced by 
x-rays (4) is involved in the chemical 
change (5). 
C. S. BACHOFER 

S. ESPERANCE WITTRY* 
Department of Biology, University of 
Notre Dame, Notre Dame, Indiana 
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Micromanipulation in Control and 
Handling of Zygiella x-notata 
as an Experimental Animal 


Abstract. The spider Zygiella x-notata 
may be brought under direct control anal- 
agous to that of the common laboratory 
animals for an important group of experi- 
mental investigations on the nerve, muscle, 
or secretion of digestive glands. Without 
anesthetics, chilling, or damage the ani- 
mal can be fixed for prolonged periods 
and microinstruments (which include feed- 
ing pipettes), positioned by a standard 
micromanipulator. 


The spider Zygiella x-notata has been 
used as a sensitive biological test ani- 
mal for a number of psychopharma- 
cologic and hallucinogenic drugs (/). 


Characteristic disturbances in web- 
building activities and patterns reflected 
the effects of the drugs on the central 
nervous system of the animal. Im- 
portant applications of the test to body 
fluids of man have been made in the 
search for hallucinogenic substances in 
schizophrenia by Witt and Weber (2). 

Administration of psychotrophic sub- 
stances has been either by direct injec- 
tion (with a high mortality due to ir- 
remediable chitinous damage), or by 
the ingenious indirect technique of 
Wolff and Hempel (3); the latter con- 
sisted in the injection of the drug dis- 
solved in sugar solution into the abdo- 
men of a desiccated fly which was 
weighed and thrown on the web, which 
was then vibrated by a tuning fork. 
When the spider had accepted this arti- 
ficial prey the latter was again weighed 
to determine the amount of the drug 
taken. 

The present investigations were de- 
signed to explore the possibility of di- 
rect dosage without injury in this small 
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(5 to 6 mm) animal and the placing of 
microinstruments before and after the 
administration of various substances, 
including those of the psychopharma- 
cologic and hallucinogenic group (Fig. 
1). A method was devised to maintain 
the animal in a position suitable for 


Fig. 1. (A) Typical sampling and feeding pipette in relation to spider (x 48 at f/24); 


operations for prolonged periods with- 
out anesthetics, chilling, or damage. 
Before fixation of the animal a small 
drop (approximately 1 to 2 mm’) of 
collodion-amyl acetate was placed on a 
microscope cover slip; this was allowed 
to thicken for 20 to 30 seconds. The 


electronic flash. (B) Pipette in normal animal filling by capillarity to approximately 
0.1 mm®* (x 32 at f/24); electronic flash. (C) Same pipette as (B) 2 minutes later 


(xX 32 at f/24); electronic flash. 
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cover slip was inverted onto the dorsal 
surface of the abdomen of the spider 
and held down for a few seconds. The 
cover slip was then turned over. to 
bring the ventral surface of the animal 
under the microscope. to allow access 
for the micromanipulator instruments, 
which could be positioned quickly and 
accurately by the standard micromanip- 
ulator (Leitz) equipped with three in- 
strument carriers; a stereo-binocular 
microscope facilitated observation. The 
animal could be maintained in position 
in this way for several days without any 
ill effects. Outbursts of activity took 
place, but the spider also remained im- 
mobile for long periods. Micro-salt- 
bridges made from glass capillaries, the 
terminal points being filled with agar 
(4) or 25 » microelectrodes (5), may 
be applied for nerve (or.muscle) stud- 
ies; capillary tubing with a flexible taper 
of 2 to 3 mm and a diameter of 0.1 to 
0.2 mm (with a tip diameter of 20 to 
30 pw) permitted movement without 
breakage. Though insertion of micro- 
saltbridges (as distinct from injection) 
at the side of the thorax resulted in 
about a 50-percent mortality (8 in 15 
animals), the remainder survived for 
approximately 24 hours, long enough 
for most investigations into electrical 
changes. 

In order to sample digestive fluids or 
to administer solutions, micropipettes 
with a mean diameter of 0.1 mm in the 
terminal 1 mm were suitable. Sam- 
ples were obtained on contact by capil- 
larity, and variations in secretory activ- 
ity were observed directly under the 
microscope and recorded photograph- 
ically (Fig. 1). For this a 35-mm 
camera provided with a mirror reflex 
housing, viewing magnifier, and bellows 
extension fitted with a 25-mm Micro 
Summar (Leitz) was used; an electronic 
flash unit (Zeiss) combined with fast 
film enabled satisfactory photographs to 
be obtained. Delivery of the contents 
of a pipette tip (drawn up in con- 
trolled amounts by capiilarity) was ef- 
fected by the micromanipulator syringe; 
contents in contact with secretory 
fluids in a pipette tip over 20 » in diam- 
eter may be easily expelled. Pipettes 
were marked for measured volumes 
and delivered quantities of the order of 
0.01 mm*. By such means the effects of 
feeding and the injection of possible 
test substances on the secretion of di- 
gestive glands may be estimated. 

The techniques described may thus be 
capable of extension to further experi- 
mental studies on the reactions of these 
animals to substances affecting tissue 
components other than those of the cen- 
tral nervous system. 

C. A. ERSKINE 
School of Anatomy, Trinity College, 
University of Dublin, Dublin, Ireland 
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Multi-Resistant Aedes aegypti in 
Puerto Rico and Virgin Islands . 


Abstract. The Isla Verde, Puerto Rico, 
laboratory colony, highly resistant to DDT 
and dieldrin in 1959, became even more 
so by 1960; resistance to organic phos- 
phates was also greater than before. In 
laboratory tests Bayer 29493 was best for 
killing resistant larvae and adults. It is 
improved with piperonyl butoxide at the 
ratio of 10:1. 


The theory that Aedes aegypti can be 
resistant to DDT or dieldrin but not to 
both (/) was disproved by the Isla 
Verde strain (2, 3). This dual resist- 
ance occurs not only in the laboratory 
but along the whole north coast of 
Puerto Rico (4). When there is danger 
of the spread of yellow fever in the 
Caribbean (5), the presence of vigorous 
races recalcitrant to control has 
ominous implications for public health. 
To find an insecticide for overcoming 
resistant strains is imperative and for 
this purpose the Isla Verde strain is 
obviously more useful than the sus- 
ceptible strains of most laboratories 
(6). The original toxicological tests 
(2) on this strain were made from 
March through July 1959 on about the 
Fi generation of a colony started in 
November 1958. By July 1960 the 
colony was estimated to be at the Fs 
generation after continuous inbreeding. 
At that time, in the field not far from 
the original site, more specimens were 
collected (7), and the F: and F» gen- 
erations were obtained for tests to com- 


pare with the original data. In 1959, 
2.5 parts of malathion, diazinon, and 
dipterex per million gave 100 percent 
mortality; therefore, this concentration 
was used as a standard (8). Table 1 
shows that the colony became even 
more resistant to DDT, lindane, diel- 
drin, and chlordane; in the field, ex- 
cept for lindane, the same high resist- 
ance occurs. As larval resistance to the 
chlorinated hydrocarbons increased in 
the colony, so did the resistance to the 
organic phosphates, but field resistance 
to the latter was not so marked. Resist- 
ance developed also to Bayer 21/199, 
the best larvicide in 1959. For specific 
use in mosquito control, Bayer 21/199 
has been replaced by the manufactur- 
ers with Bayer 29493 (9), which is more 
effective against adult mosquitoes. Bay- 
er 29493 was the most toxic in our 
tests and was made more so by syner- 
gism with piperonyl butoxide (70) at 
the ratio of 10:1 rather than the reverse 
ratio (//). 

To prove further the resistance to 
organic phosphates, tests were made on 
the Isla Verde colony larvae at 0.5 part 
per million (ppm). In 1959 (2) dip- 
terex, diazinon, and malathion only 
gave 72, 74, and 85 percent dead, and 
the same for dead plus moribund 
mortality; Bayer 21/199 gave 87 and 
100 percent mortality. In 1960 the 
results were as follows (average of two 
replicates, dead and dead plus mori- 
bund mortality): Bayer 21/199, 65 
and 100 percent; dipterex, 5 and 37 
percent; malathion, 41 and 68 percent; 
diazinon, 34 and 73 percent; Bayer 
21/199 plus piperonyl butoxide (10:1), 
64 and 100 percent; Bayer 29493, 80 
and 100 percent; Bayer 29493 plus 
piperonyl butoxide (10:1), 92 and 100 
percent. 

Females of the Isla Verde colony, 
which were exposed for 1 hour to bond 
paper impregnated with the following 
concentrations of insecticides at the 
rate of 3.6 mg/cm’, gave the following 


Table 1. Percentage mortality of Aedes aegypti fourth instar larvae, Isla Verde, P.R., strain 
after 24 hours of exposure to insecticides at 2.5 ppm (average of four replicates, dead only). 
The effect of 18 months of colonization is compared with data from field material. 


Laboratory colony Field 

Insecticides 1959 1960 1960 

(Fro) (Foo) (F,-2) 

DDT 62* 25+ 20+ 
Lindane 71* 30* 67* 
Dieldrin 71* 6+ 
Chlordane 25+ 2+ 
Dipterex 100+ 55§ 94t 
Malathion 100% 64§ 94§ 
Diazinon 100% 62t 96t 
Bayer 21/199 58t 97t 
Bayer 21/199 + piperonyl butoxide (10:1) 90t 96t 
Bayer 21/199 + piperonyl butoxide (1:10) 97t 55¢ 
Bayer 29493 91t 94t 
Bayer 29493 + piperonyl butoxide (10:1) 1004 100t 
Bayer 29493 + piperonyl butoxide (1:10) 95t 36t 


Dead plus moribund: *79-89 percent; 0-44 percent; $100 percent; §98-99 percent. 
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Table 2. Percentage mortality of Aedes 
aegypti fourth instar larvae of a colony 
(F3-4) from material collected at Christian- 
sted, St. Croix, in October 1959 (average of 
two replicates, dead and dead plus moribund). 


0.5 ppm 2.5 ppm 
Insecticide 
Dead Dead* 
bund 
DDT 17 88 90 
Lindane 45 17 95 
Dieldrin 33 45 88 
Malathion 66 88 95 
Diazinon 60 78 95 
Bayer 29493 92 100 85 


*Dead plus moribund, 100 percent mortality for 
all. 


percentage mortalities after 24 hours 
(average of two replicates): 4 percent 
DDT, 81 percent; 4 percent dieldrin, 
47 percent; 3 percent Bayer 21/199 
alone and with piperonyl butoxide 
(10:1 and 1:10), 18 to 22 percent; 
0.4 percent malathion, 100 percent; 
0.1 percent diazinon, 100 percent; 0.1 
percent Bayer 29493, 100 percent; 
0.05 percent Bayer 29493 plus pip- 
eronyl butoxide (10:1), 100 percent. 

That DDT-dieldrin resistance already 
occurs in another island of the Carib- 
bean was evident from tests on a St. 
Croix strain (J2). Table 2 indicates 
moderate resistance to all insecticides 
listed except Bayer 29493. The lack of 
complete mortality with DDT and 
dieldrin at 0.5 ppm with this strain 
must be considered in relation to 100 
percent mortality of susceptible strains 
at 0.02 ppm of these insecticides. It 
is likely that in about a year’s time the 
same high resistance of Puerto Rico 
strains will occur in St. Croix, if DDT 
continues to be used there. 

In conclusion, the following points 
are emphasized: (i) DDT-dieldrin re- 
sistance is not simply a_ laboratory 
phenomenon but is general in Puerto 
Rico and perhaps in other islands of 
the Caribbean where DDT resistance 
has been reported. (ii) A DDT-dieldrin 
resistant strain under the conditions of 
our laboratory did not lose its resist- 
ance after 18 months’ colonization 
(13), but in fact became more resistant. 
(iii) The evidence is against the idea 
that genetic differences separate resist- 
ance to insecticides into distinct types. 

IRVING Fox 
ILEANA GarRcIA-MOLL 
School of Tropical Medicine, 
University of Puerto Rico, San Juan 
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Uterotrophic Action of the 
Insecticide Methoxychlor 


Abstract. Dusting of rats and mice, 
as well as oral treatment with the in- 
secticide methoxychlor, produced uterine 
weight increase in these rodents. Ablation 
of the ovaries, adrenals, or pituitary did 
not alter this effect, thus indicating a 
direct trophic action of this agent on the 
uterus. It is apparent that the application 
of this insecticide to animals used for 
hormonal experiments introduces an addi- 
tional variable. 


During the past several months, 
marked uterine stimulation of unknown 
origin in immature female mice which 
had been obtained for use in hormone 
bioassay has been observed in this 
laboratory. After extensive examination 
and bioassay of diets, bedding, and sev- 
eral types of insecticide used in the 
animal production area, it was deter- 
mined that one of the _ insecticide 
powders used for ectoparasite control 
contained the agent responsible for the 
uterotrophic effect. That this effect was 
not mediated through the ovaries was 
demonstrated by the marked uterine 
stimulation and concomitant vaginal 
opening induced in ovariectomized, im- 
mature mice and rats 3 days after 
these animals had received a single dust- 
ing with the insecticide. Each of the 
components of the insecticide was then 
tested by the dusting procedure and it 
was established that technical methoxy- 
chlor, an ingredient present at a level 


3 MARCH 1961 


of 1.91 percent, produced the effects 
observed in the female genital tract. 
In a series of quantitative studies 
that followed, graded doses of technical 
methoxychlor (J), in sesame oil solu- 
tion, were administered orally to groups 
of ovariectomized mice (Table 1). The 
data indicate that technical methoxy- 
chlor stimulates uterine weight increase 
in the mouse. Similar data were ob- 
tained in the rat at higher dose levels. 
An unusual effect was noted in the 
vaginal cytology of methoxychlor- 
treated mice. Instead of the typical 
cornified vaginal smear induced by 3 
days of estrogen treatment, the smear 
was characterized by large numbers of 
leukocytes. Continued treatment re- 
sulted in vaginal cornification. How- 
ever, in the rat, treatment with the 
compound resulted in vaginal cornifica- 
tion although occasional leukocytes 
were seen. Because of the extremely 
weak activity of methoxychlor when 
compared with estrone on the basis of 
weight increase in the uterus of the 
ovariectomized mouse (0.02 percent or 
less), the possibility that the insecticide 
might act indirectly through the met- 
abolic pathways of the adrenal cortex 
was investigated. However, uterotrophic 
effects produced by oral treatment with 
technical methoxychlor in adrenalec- 
tomized, ovariectomized rats (Table 
1) did not differ from those observed 
previously in ovariectomized animals. 
Experiments carried out in female 
hypophysectomized rats further demon- 
strated that methoxychlor acts directly 
on the uterus rather than by way of 
anterior pituitary hormones (Table 1). 
In order to compare the pituitary 
depressant with the uterotrophic po- 
tency of methoxychlor, its action on 
the anterior pituitary gonadotrophic 
response of the rat ovary was also 
tested in parabiotic rats. In castrated 
female and intact female rats placed in 
parabiosis at 28 days of age, a 30-mg 
total dose of technical methoxychlor, 
given daily by stomach tube for 9 


days, resulted in a mean ovarian weight 
of 16 mg (six parabiotic pairs) as com- 
pared with a mean of 104 mg for un- 
treated controls (five parabiotic pairs). 
Thus, in common with the estrogens 
and related compounds, this substance 
blocks the gonad-stimulating action of 
the anterior pituitary. This inhibitory 
effect may clarify earlier unexplained 
findings (2) of extraordinarily small 
tests in experimental rats (pair-fed) 
maintained on a diet containing 1-per- 
cent methoxychlor. 

The known adrenocorticolytic effects 
of related insecticides such as DDD 
(3) suggested the possibility that 
methoxychlor might alter adrenocorti- 
coid secretion. In two adult mongrel 
dogs treated with this technical material 
in daily oral doses of 200 mg/kg for 
15 days, there was no unusual devia- 
tion from the normal range of values 
for adrenal venous 17-hydroxycorticoid 
secretion as measured by Porter-Silber 
chromogens. Moreover, no_ distinct 
morphological changes in the adrenal 
cortex were noted. 

Highly purified p,p’-methoxychlor 
was also assayed for uterotrophic 
effects in the rat and mouse. This isomer 
was only half as active as the technical 
product in the rat and was much less 
potent in the mouse. Anisole, one of 
the starting materials in the synthesis 
of technical methoxychlor has been re- 
ported to have estrogenic activity (4). 
In view of this report, anisole was con- 
sidered as a possible contaminant of 
the technical material. However, when 
anisole was administered orally to im- 
mature, ovariectomized mice in total 
doses of 15 mg (5 mg daily for 3 
days), there was no effect on uterine 
weight. 

These findings indicate that an un- 
identified isomer or contaminant of 
technical methoxychlor is responsible 
in part for the uterotrophic effect (5). 

WILLIAM W. TULLNER 
Endocrinology Branch, National 
Cancer Institute, Bethesda, Maryland 


Table 1. Uterotrophic effects of methoxychlor in the mouse and rat. Technical methoxychlor 
in sesame oil solution was administered daily for 3 days by stomach tube. Controls received 
sesame oil only. Body and uterus weight: mean and standard deviation. NIH general-purpose 
strain mice and Sprague-Dawley rats were used in these studies. 


Animals Total dose Operative Final Uterine 
(No.) (mg) procedure body wt. (g) wt. (mg) 
Mouse 
9 0 Ovariectomy a 5.2 + 0.6 
9 1.0 Ovariectomy $1 19.4 + 3.7 
10 5.0 Ovariectomy 10 = 2 34.5 + 6.7 
Rat 
10 0 Ovariectomy plus 55 + 4 SS 3 
adrenalectomy 
10 20.0 Ovariectomy plus 54 + 6 we Seg 
adrenalectomy 
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Toxoplasma from the Eggs of the 
Domestic Fowl (Gallus gallus) 


Abstract. Toxoplasmata of varying 
grades of virulence were isolated -from 
eggs laid by clinically asymptomatic hens 
and from their internal organs. The strains 
so recovered were identified as Toxo- 
plasma gondii by morphological, serologi- 
cal, cultural, and pathogenic criteria. 
These findings strongly suggest that toxo- 
plasmosis may be contracted through the 
eating of raw or undercooked infected 
eggs. 


Except for the report of Biering- 
Sorensen [cited by Siim (J)], who ob- 
served pseudocysts of Toxoplasma in 
the ovaries of naturally infected hens, 
indicating the possibility that eggs from 
such birds might be infected, we have 
been unable to trace any annotation 
referring to the isolation of the parasite 
from the eggs of the domestic fowl in 
the vast literature on toxoplasmosis, 
which now lists more than 2500 titles. 
Inasmuch as rapid clearing of tissues 
occurred in laying hens which received 
very heavy inocula, it seemed unlikely 
to Jones et al. (2) that the presence of 
Toxoplasma in the eggs of the hens 
would be anything other than an oc- 
casional finding. In view of the diver- 


Fig. 1. Cyst stages of Toxoplasma gondii 
in the impression smear of chorioallantoic 
membrane. Note the absence of nuclei in 
the cyst wall (about x 1000). [Giemsa] 


gent behavior of Toxoplasma in natural 
and experimental infections in chickens 
(2, 3), the problem of its localization in 
the eggs of naturally infected hens de- 
served a thorough study, which was 
undertaken by us during the course of 
our recent investigations into an en- 
zootic of toxoplasmosis of fowls at one 
of the poultry farms in India. 

Four of 42 eggs that have been 
screened to date were found to be in- 
fected, and extracellular and cyst forms 
of T. gondii were observed (Fig. 1) in 
scrape-smears of the chorioallantoic 
membrane. The identity of the parasite 
with T. gondii was confirmed by its 
transmission to mice and by serological 
tests. Surprisingly, none of the hens 
that laid these infected eggs had anti- 
bodies in their sera detectable by dye 
test, complement-fixation, precipitation, 
and indirect haemagglutination proce- 
dures. However, complement-fixation 
inhibition tests gave values ranging 
from 1:32 to 1:128. 

Toxoplasmata were recovered from 
the diaphragmatic muscle, liver, brain, 
and ovaries of these asymptomatic hens 
when they were killed 2 weeks later. At 
necropsy, no gross lesions were seen in 
any of the internal organs but, in- 
terestingly, numerous cysts were dem- 
onstrated in crush-smears of the di- 
aphragmatic muscle, liver, brain, and 
ovaries (Fig. 2) but not from spleen or 
lungs. 

Immunologically, the isolates from 
laying hens were found to be identical 
with but  pathogenetically different 
from the strains recovered from eggs. 
The egg-strains proved to be of low 
virulence for mice, and extracellular 
forms (Fig. 3) were detected in the 
peritoneal exudate of infected mice 


only by the third blind serial passage. 
The toxoplasmata recovered from the 
tissues of necropsied birds killed mice 
even in the first passage on or about the 
fifth day. Intracerebral inoculation of 
l-week-old chicks 


both strains into 


Fig. 2. Pseudocyst of Toxoplasma in the 
ovary of white Leghorn hen. Note the size 
that varies between 50 to 100 u» (about 
x 1000). [Giemsa] 


Fig. 3. Extracellular forms in the impres- 
sion smear of peritoneal exudate of mice. 
Note the crenated erythrocytes (phase- 


contrast 
Giemsa] 


1500). [May-Grunwald- 


brought about their death with encepha- 
litis in about 72 hours, while 10-week- 
old chicks that received heavy inocula 
by the subcutaneous route showed only 
mild transient parasitaemia and survived 
exposure. All the strains killed the em- 
bryos of 7-day-old embryonating eggs 
when they were inoculated directly into 
the yolk sac. 

The susceptibility of embryonating 
hen’s eggs to experimental infection 
with toxoplasma was established quite 
early (4), and today the chick embryo 
is considered to be the only available 
host in which parasites of low virulence 
can be maintained (5). But no natural 
infections have been previously de- 
scribed. 

This is evidently the first report on 
the occurrence of toxoplasma in hen’s 
eggs where a definite identification has 
been accomplished by morphological, 
serological, and animal recovery tests. 
Our data support the hypothesis that 
raw eggs could serve as sources of in- 
fections for human beings. This aspect 
of avian toxoplasmosis needs urgent 
and immediate attention; such an in- 
vestigation is already in progress at this 
laboratory. 

P. G. PANDE 
R. R. SHUKLA 
P. C. SEKARIAH 
Division of Pathology and 
Bacteriology, Indian Veterinary 
Research Institute, 
Mukteswar-Kumaon (U.P.), India 
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APLANATIC 
CONDENSERS 


An aplanatic/achromatic con- 
denser system for phase contrast 
and brightfield has recently be- 
come available. These condens- 
ers provide a significant improve- 
ment in flatness and definition 
when used in conjunction with 
plano (flat field) objectives. The 
numerical aperture of 1.4 is es- 
pecially useful for work at higher 
magnifications. 


ruments, 115 
Great Neck, New 
offices to serve 


Meetings 
Bioclimatology 


The second scientific congress of the 
International Society of Bioclimatology 
and Biometeorology was held in the 
chambers of the Royal Society of Medi- 
cine, in London, from 5 to 10 Septem- 
ber 1960. There were 172 members 
attending, from 26 countries. The pro- 
gram represented an important depar- 
ture from that of the first congress (held 
in Vienna in 1957), and perhaps from 
programs of most other national and in- 
ternational societies. © 

Productive exchange of viewpoints 
within an interdisciplinary field such as 
bioclimatology is not greatly encouraged 
by marathons of brief technical com- 
munications. Rather, lively discussion 
of basic concepts, problems, and meth- 
odology leads to important  cross- 
fertilization and growth of ideas. To 
this end, the executive board designed 
a program aimed at stimulating discus- 
sion both on broad problems and on 
technical matters. On each of four 
mornings a basic theme was discussed 
by three speakers, each representing a 
different background. The speakers were 
instructed to concentrate on major un- 
settled issues and their possible resolu- 
tion. One or several moderators then 
initiated discussion of the themes and 
suggestions raised by the main speakers. 

The subjects of these four sessions 
and the speakers were as follows: 

1) “High-altitude Bioclimatology”: R. 
Margaria (University of Milan), W. H. 
Weihe (University of Bern), and R. 
Schindler (Bernhard-Nocht-Institut, 
Hamburg). 

2) “Tropical Bioclimatology”: A. B. 
Hertzmann (St. Louis University School 
of Medicine), J. C. D. Hutchinson (Ian 
Clunies Ross Animal Research Labora- 
tory, Parramatta, Australia), P. W. 
Richards (University College of North 
Wales), and C. P. Luck (Kampala, 
Uganda). 

3) “Bioclimatological Classifications”: 
H. Boyko (Negev Institute for Arid 
Zone Research, Beersheva, Israel), K. 
J. K. Buettner (University of Wash- 
ington, Seattle), and H. Jusatz (Heidel- 
berger Akademie der Wissenschaften). 

4) “Meteoro-pathological Forecast- 
ing”: P. M. A. Bourke (Irish Meteoro- 
logical Service), M. Crawford (Com- 
monwealth Bureau of Animal Health, 
Great Britain), and Frederick Sargent, 
II (University of Illinois). 

As might have been anticipated, the 
sessions were not uniformly successful. 
General discussion was _ frequently 
limited because there were too many 
moderators and because the moderators 
gave their own views instead of leading 
the discussion. When these problems 


were avoided, the discussion was lively 
and productive. Provision .had been 
made for simultaneous translation, and 
this gave a considerable measure of 
freedom in discussion. Most of the at- 
tending members considered the pro- 
gram a great success, and it was voted 
that the ‘discussions planned for the 
1963 congress should be held in a 
similar manner. 

During the afternoons, participants 
joined specialized working groups on 
restricted technical subjects. These 
groups worked under a moderator, and 
few formal communications were pre- 
sented. The members of the groups dis- 
cussed their own work and attempted 
to define both the problems and the gen- 
eral implications of current advances in 
their special areas. In this way they dis- 
cussed thermoregulation; atmospheric 
pollution and aerobiology; agrometeorol- 
ogy; the effects of weather and climate 
on cattle; urban and architectural cli- 


matology; the importance of physical 


environment in conditioning the organ- 
ism; microclimatic problems; allergic 
diseases, with special emphasis on the 
influence of climate on bronchial asth- 
ma; ecological climatography; the 
biological effects of ionization of the 
air; chemical tests used in bioclimato- 
logical research; tropical bioclimatol- 
ogy; and solar radiation in relation to 
bioclimatology. These discussions were 
highly successful and will be continued 
during future meetings. 

The scientific caliber of the formal 
presentations and the discussions was 
refreshingly high, and there was a dis- 
tinctly experimental note. The member- 
ship seemed ready to come to grips with 
mesological mechanisms rather than 
indulge in speculations arising from 
chance bioclimatological relationships. 
In particular, the discussion of human 
bioclimatology was stimulating and 
sound. 

At the business meeting the follow- 
ing executive board was elected: presi- 
dent, F. Sargent, Il (United States); vice 
presidents, M. P. A. Bourke (Ireland), 
H. Boyke (Israel), and M. Fontaine 
(France); advisory members, J. L. 
Cloudsey-Thompson (Sudan) and W. G. 
Wellington (Canada); secretary- 
treasurer, S. W. Tromp (Netherlands). 
At the business meeting it was also de- 
cided that in future the Journal of Bio- 
climatology will be devoted to reviews. 
There is a great need for critical ap- 
praisals of many aspects of bioclima- 
tology, and no current periodical deals 
extensively with this important field. It 
was further decided that a publications 
committee should explore ways of work- 
ing with abstracting services and in 
other ways attempt to provide greater 
access to the diverse literature of the 
field. 

The proceedings of the congress will 
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be published in book form by Pergamon 
Press. They will be available early in 
1961 at a cost of approximately $10, 
either from the secretariat of the society 
at Hofbrouckerlaan 54, O0cgstgeest 
(Leiden), Netherlands, or from the pub- 
lisher. 

FREDERICK SARGENT, II 
University of Illinois, Urbana 

WALTER R. HENSON 

Yale University, 
New Haven, Connecticut 


Forthcoming Events 
March 


24-29. National Science Teachers As- 
soc., Chicago, Ill. (R. H. Carleton, NSTA, 
1201 16th St., NW, Washington 6) 

26-29. American Assoc. of Dental 
Schools, annual, Boston, Mass. (R. H. Sul- 
lens, 840 N. Lake Shore Dr., Chicago 11, 
Ill.) 

27-31. Temperature—Its Measurement 
and Control in Science and Industry, natl. 
symp., Columbus, Ohio. (C. M. Herzfeld, 
National Bureau of Standards, Washington 
25, D.C.) 

30-1. Southern Soc. for Philosophy and 
Psychology, Atlanta, Ga. (D. R. Kenshalo, 
Dept. of Psychology, Florida State Univ., 
Tallahassee) 


April 


3-6. Massachusetts Institute of Tech- 
nology, centennial celebration, Cambridge. 
(Office of Public Relations, M.I.T., Cam- 
bridge 39) 

3-15, Medical Conference, 11th, Nassau, 
Bahamas. (Bahamas Conferences, P.O. 
Box 1454, Nassau) 

4-6. Electromagnetics and Fluid Dy- 
namics of Gaseous Plasma, intern. symp., 
New York, N.Y. (J. Fox, Microwave 
Research Inst., Brooklyn 1, N.Y.) 

4-7. Society of Automotive Engineers, 
natl. aeronautic meeting, New York, N.Y. 
(E. W. Conlon and G. W. Periman, 485 
Lexington Ave., New York 17) 

4-8. National Council of Teachers of 
Mathematics, 39th annual, Chicago, II. 
(F. A. Janacek, J. S. Morton High School, 
Cicero 50, Ill.) 

5-8. Water Relations of Plants, British 
Ecological Soc., symp., London. (F. H. 
Whitehead, Botany Department, Imperial 
College, Prince Consort Road, London, 
S.W.7) 

6-7. Council on Medical Television, an- 
nual, Bethesda, Md. (Institute for Ad- 
vancement of Medical Communication, 33 
E. 68 St., New York 21) 

7-8. Eastern Psychological Association, 
Philadelphia, Pa. (C. H. Rush, P.O. Box 
252, Glenbrook, Conn.) 

7-9. American Assoc. for Cancer Re- 
search, 52nd annual, Atlantic City, N.J. 
(H. J. Creech, Secretary-Treasurer, Inst. 
for Cancer Research, Fox Chase, Philadel- 
phia 11, Pa.) 

7-9. Fleming’s Lysozyme, 2nd intern. 
symp., Milan, Italy. (R. Ferrari, Organiz- 
ing Committee, Via Modica 6, Milan) 

8-9. Histochemical Soc., 12th annual, 
Atlantic City, N.J. (H. W. Deane, Albert 
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Who is this man? 


First, you should know a few things about him: 
He’s responsible, as a man who leads others 
through new frontiers must be; he’s a specialist 
. .. but a specialist with time for creative reverie; 
he welcomes new challenges and grows in learn- 
ing and stature with whatever he faces; he’s 
mature, dedicated, and inquisitive—traits of a 
true man of science. Who is he? He’s the indis- 
pensable human element in the operations of 
one of the Navy's laboratories in California. 
Could he be you? 


U. S. NAVAL ORDNANCE TEST STATION at China 
Lake and Pasadena: Research, development, test- 
ing, and evaluation of missiles, advanced propulsion 
systems, and torpedoes and other undersea 
weapons. 


U. S. NAVAL ORDNANCE LABORATORY at Corona: 
Development of guidance and telemetry systems and 
missile components. Research in IR spectroscopy, 
magnetism and semiconductors, etc. 


U. S. NAVAL RADIOLOGICAL DEFENSE LABORA- 
TORY at San Francisco: One of the nation’s major 
research centers on nuclear effects and counter- 
measures. 


U. S. NAVY ELECTRONICS LABORATORY at San 
Diego: One of the Navy's largest organizations en- 
gaged in the research and development of radar, 
sonar, radio, and acoustics. 


PACIFIC MISSILE RANGE and U. S. NAVAL MISSILE 
CENTER at Point Mugu: National launching and in- 
strumentation complex, guided missile test and 
evaluation; astronautics; satellite and space vehicle 
research and development. 


U. S. NAVAL CIVIL ENGINEERING LABORATORY 
at Port Hueneme: Research, development, and 
evaluation of processes, materials, equipment, and 
structures necessary to the design, construction, and 
maintenance of the Navy's shore bases. 


Openings for Aeronautical Engineers, Chemists, 
Civil Engineers, Electronic Engineers, Electronic En- 
gineers (Digital Circuitry & Electro-Acoustic), Mathe- 
: : maticians (Test Data Processing & Analysis), 
Oe Mechanical Engineers, Operations Research Ana- 
lysts, Physicists. 


The man we want must have an advanced de- 
gree; ora Bachelor’s degree with at least three 
years’ solid experience. He should contact... 
Personnel Coordinator, Dept. B 
U. S. Naval Laboratories in California 
1030 East Green Street 
Pasadena, California 


U. S. NAVAL LABORATORIES 


IN CALIFORNIA 
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Einstein College of Medicine, Bronx 61, 
N.Y.) 

9-13. American Assoc. of Cereal Chem- 
ists, annual, Dallas, Tex. (J. W. Pence, 
Western Utilization Research & Develop- 
ment Division, 800 Buchanan St., Albany 
10, Calif.) 

9-13. American Industrial Hygiene As- 
soc., Detroit, Mich. (W. S. Johnson, Bethle- 
hem Steel Co., Bethichcm, Pa.) 

9-15. American Institute of Nutrition, 
Atlantic City, N.J. (A. E. Schaefer, 
ICNND, Bidg. 16A, National Institutes of 
Health, Bethesda 14, Md.) 

10-14. American Soc. of Civil Engi- 
neers, Phoenix, Ariz. (W. H. Wisely, 33 
W. 39 St.. New York 18) 

10-14. Detection and Use of Tritium in 
the Physical and Biological Sciences, in- 
tern. symp., Vienna, Austria. (Office of 
Special Projects, U.S. Atomic Energy Com- 
mission, Washington 25, D.C.) 

10-15. Federation of American Societies 
for Experimental Biology, 45th annual, 
Atlantic City, N.J. (M. O. Lee, 9650 Wis- 
consin Ave., Washington 14, D.C.) 

10-15. Metallic Corrosion, 1st intern. 
cong., London, England. (Society of 
Chemical Industry, 14 Belgrave Sq., Lon- 
don, S.W.1) 

11-13. Institute of Environmental Sci- 
ences, annual, Chicago, Ill. (H. Sanders, 
Box 191, Mt. Prospect, Ill.) 

11-13. Ultrapurification of Semiconduc- 
tor Materials, conf., A.F. Office of Scien- 
tific Research, Boston, Mass. (Miss H. 
Turin, Conf. Secretary, Electronics Re- 
search Directorate, Air Force Cambridge 


Research Lab., L. G. Hansom Field, Bed- 
ford, Mass.) ; 

12-13. Information and Decision Proc- 
esses, 3rd symp., Lafayette, Ind. (R. E. 
Machol, School of Electrical Engineering, 
Purdue Univ., Lafayette) 

12-14. Agglomeration, intern. symp., 
Philadelphia, Pa. (Metallurgical Soc. of 
the AIME, 29 W. 39 St., New York 18) 

12-14. Chemical Soc., anniversary 
meeting, Liverpool, England. (Chemical 
Society, Burlington House, Piccadilly, 
London, W.1) 

13-14. Society of Technical Writers and 
Publishers, 8th annual, San Francisco, 
Calif. (R. B. Meier, Head Editor, Engi- 
neering, Stanford Research Inst., 333 
Ravenswood Ave., Menlo Park, Calif.) 

17-18. Great Lakes Research, 4th conf., 
Ann Arbor, Mich. (C. F. Powers, Great 
Lakes Research Division, 1119 Natural 
Science Bldg., Ann Arbor) 

17-19. Fluid Seal Meeting, intern., Ash- 
ford, Kent, England. (Information Officer, 
British Hydromechanics Research Assoc., 
South Road, Temple Fields, Harlow, 
Essex ) 

17-24. International Congress of Nurses, 
12th quadrennial cong., Melbourne, Aus- 
tralia. (Miss D. C. Bridges, Secretary, 1 
Dean Trench Street, London, S.W.1, 
England) 

18-20. Chemical Reactions in the Lower 
and Upper Atmosphere, intern. symp., San 
Francisco, Calif. (R. D. Cadle, Stanford 
Research Inst., Menlo Park, Calif.) 

18-21. American Geophysical Union 
and American Meteorological Soc., Wash- 


ington, D.C. (American Geophysical Un- 
ion, 1515 Massachusetts Ave., NW, Wash- 
ington 5, D.C.) 

19-21. Southwestern Inst. of Radio 
Engineers Conf. and Electronics Show, 
Dallas, Tex. (SWIRECO 61, P.O. Box 
7443, Dallas 9) 

20-21. Society of Chemical Industry, 
fungicide symp., London, England. (B. J. 
Heywood, 103 Harrow Drive, Hornchurch, 
Essex, England) 

20-22. Association of Southeastern 
Biologists, Lexington, Ky. (H. J. Humm, 
Department of Botany, Duke Univ., Dur- 
ham, N.C.) 

20-24. Microbial Reactions in Marine 
Environments, intern. symp., Chicago, Ill. 
(C. H. Oppenheimer, Inst. of Marine 
Science, Univ. of Texas, Port Arkansas) 

21-22. American Assoc. of Univ. Pro- 
fessors, Boston, Mass. (W. P. Fidler, 
AAUP, 1785 Massachusetts Ave., NW, 
Washington 6, D.C.) 

23. American Pharmaceutical Assoc., 
Chicago, Ill. (W. S. Apple, 2215 Constitu- 
tion Ave., NW, Washington, D.C.) 

23-26. American Assoc. of Colleges of 


Pharmacy, Chicago, Ill. (C. W. Bliven, , 


George Washington Univ., 
6, D.C.) 

23-27. American Ceramic Soc., 63rd an- 
nual, Toronto, Canada. (C. S. Pearce, 
4055 N. High St., Columbus 14, Ohio) 

23-27. Society of American Bacteriolo- 
gists, Chicago, Ill. (E. M. Foster, 311 
Bacteriology, Univ. of Wisconsin, Madi- 
son) 


(See issue of 17 February for comprehensive list) 


Washington 


made 


CELLS 


ards—Klett Reagents. 


GLASS ABSORPTION 
KLETT 


SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters— NO. 
Bio-Colorimeters — Comparators — Glass Stand- 


SMALLWOOD BIOLOGICAL CHARTS 


60 CHARTS IN DIAGRAMMATIC COLORS 


These Widely Used Charts 
Are a Valuable Addition to 
the Elementary Biology 
Laboratory 


UP-TO-DATE—EASY TO UNDERSTAND 
DETAILED BUT NOT COMPLICATED 


30 BOTANICAL CHARTS 
with more than 400 drawings 


30 ZOOLOGICAL CHARTS 
with more than 350 drawings 


SIZE: 24 x 36 INCHES 


Klett Manufacturing Co. 
179 East 87 Street, New York, New York 


NO. 6939—BOTANICAL CHARTS, Set of 30, Tripod 
or 6939a Wall Bracket Mounting 


NO. 6940—ZOOLOGICAL CHARTS, Set of 30, Tripod 
or 6940a Wall Bracket Mounting ..Set, $27.50 


6941—BIOLOGICAL CHARTS, Set of 60, 30 Botanical 
and 30 Zoological Charts, Tripod 
or 6941a Wall Bracket Mounting ..Set, $45.00 


THE WELCH SCIENTIFIC COMPANY 


1515 Sedgwick Street, Dept. E 
Manufacturers of Scientific Instruments and Laboratory Apparatus 


Available for Constant Pupil Reference 


. Set, $27.50 


ESTABLISHED 1880 
Chicago 10, Illinois, U.S.A. 
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|| Needed Now 


COENZYME Q 


n 
THIOCTAMIDE 
~ | | Health Physicist: 
To direct and perform health physics and industrial 
4 hygiene work at various WTR facilities. Work will also (Li poicamide; 
include non-health physics engineering that pertains to 
M reactor and hot lab work. Must have A.B. or B.S. degree Li poic Acid Amide; 
and additional training i ics. 
; and additional training in health physics Thioctic Acid Amide) i 
ie If you qualify for any one of the above positions, write imme- ] 
1- diately to: Mr. C. S. Southard, Westinghouse Atomic Power . 4 
| Division, P.O. Box 355, Dept. X-74, Pittsburgh 30, Pa. T | | O CT | C A “© | D ; 
of | 


Westinghouse 


This monograph deals comprehensively with the mech- 
anism of mineral deposition throughout the animal king- 
dom. Current research approaches, findings and hypoth- 
eses are presented by investigators representing dis- 
ciplines ranging from physical chemistry and histochemis- 
try to electron microscopy and tissue culture. The cen- 
tral theme-revolves about the question, “Why do certain 
normal and pathological tissues calcify?” 


The 22 chapters are organized in an evolutionary 
sequence; (1) calcification within unicellular organisms 
and various lower animals, that is, the shells of the 
mollusc, the gastrolith and exoskeleton of the lobster, 
ce the mineralizing leg tendon of the turkey and the otolithic 
organ of the rat; (2) elements and mechanisms involved 
in the calcification of cartilage, bone, dentin, enamel and 
various pathological concretions; (3) experimental obser- 
vations in organ transplants and in tissue culture; and 
culminating with (4) the physical and chemical nature of 
and relationship between the ultimate inorganic and 
organic building blocks most typical of normal calcifi- 
cation in the human organism. 


English Agents: Bailey Bros. & Swinfen, Ltd. 

West Central Street 
London W.C.1, England 

AMERICAN ASSOCIATION FOR THE ADVANCEMENT 
OF SCIENCE 

A. 1515 Massachusetts Avenue, NW 

Washington 5, D.C. 
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ATOMIC POWER DIVISION ENZYMES 

FIRST IN ATOMIC POWER 
COENZYMES 

st) Sigma offers the most complete list of : : 
Enzymes and Coenzymes available in the 
world today. 

We can assure you that our preparations ’ 

Calcification in Biological Systems are unquestionably the finest obtainable. ; 

AAA ; If any Sigma preparation is unsatisfactory 1 

S Symposium Volume No. 64 for any reason, regardless of age or f 

Edited by R. F. Sognnaes July 1960 cause, it should be returned for gratis ] 

526 pp., 283 illus., $9.75, 

AAAS members’ cash orders, $8.50 : 

4 


It is a Pleasure Doing Business 


with SIGMA or—there is no charge. 


CALL US COLLECT AT ANY TIME 
JUST TO GET ACQUAINTED 


PPO CCC CC CCC CCC VN VV NNO 

PRPC CCC CC 


Day, Station to Station, 
PRospect 1-5750 


Night, Person to Person, 
Dan Broida, WYdown 3-6418 


The Research Laboratories of 


SIGMA 


3500 DEKALB ST., ST. LOUIS 18, MO., U. S. A. 
‘ 


—PPPP III I 


653 


— 
X 
% « 
¢ 
% 
% 
% 
CHEMICAL COMPANY: 
4, 
a 
| 


ADAPTIVE CONTROL 
PROCESSES 


A Guided Tour 


by Richard Bellman. A panoramic view 
of what an ingenious mathematician 
does when faced with the myriad prob- 
lems of automatic control. The author 
has minimized detailed rigor in the in- 
terest of making clear the basic ideas in 
a broad spectrum of applications. He 
shows how to get solutions to engineer- 
ing problems which cannot be solved by 
conventional methods and provides 
ways to reformulate problems so they 
are amenable to machine computation. 
A RAND Corporation Research ryt 


DYNAMIC PROGRAMMING 
by Richard Bellman. 1957. $6.75 


STABILITY IN 
NONLINEAR 
CONTROL SYSTEMS 


by A. M. Letov. Translated by J. George 
Adashko. ‘‘A plain, unsophisticated, 
painstakingly thorough treatise on ap- 
plication of Lyapunov’s direct method.” 
—DR. J. P. LASALLE, 

Mathematical Reviews 


The author, a Nobel prizewinner, is held 
in highest esteem by U.S. control ex- 
perts. He has added to the American 
translation several additional chapters 
not included in the original. $8.50 


RADIATION 
DAMAGE IN SOLIDS 


by Douglas S. Billington and James H. 
Crawford. This up-to-date investigation 
is especially geared to the needs of the 
experimental solid-state scientist. Both 
a stimulating introduction and a valu- 
able reference, it includes evaluations 
of various experimental techniques and 
radiation sources currently employed. 

Investigations in Physics, 7. $12.50 


HYDRODYNAMICS 
A Study in Logic, Fact, and Similitude 


by Garrett Birkhoff. SECOND EDITION, RE- 
VISED AND ENLARGED. W. M. Elsasser 
called the first edition, published 10 
years ago, “indispensable to all those 
engaged in hydrodynamical research 
who are concerned with the type of gen- 
eralization that so often in the past has 
let to fundamental progress.” $6.50 


Through your bookseller, 


or directly from 
( ) 


UNIVERSITY PRESS 


Princeton, New Jersey 


Letters 


Fell Swoop 


With Tom Brown safely underground 
for some 250-odd years, perhaps one 
may be allowed to adapt his famous 
lines, and to thank Honor B. Fell for 
her delightful “Fashion in cell biology” 
[Science 132, 1625 (1960)] as follows: 


Well do I like thee, Dr. Fell, 
The reason why I fain would tell; 
Since fads in cells thou dost dispel, 
Well do I like thee, Dr. Fell. 


F. B. HUTT 
Department of Poultry Husbandry, 
Cornell University, Ithaca, New York 


Statistics and Legalized Gambling 


Your 23 December issue [Science 
132, 1859 (1960)] contained an excel- 
lent editorial on the value of properly 
weighted and applied statistical evi- 
dence. Thornton Page had an article, 
“Recent statistical studies in astron- 
omy” [132, 1870 (1960)] which illus- 
trated fine use of the method. 

Unfortunately, there appeared in the 
same issue [132, 1879 (1960)] a prime 
example of the ignorant and careless 
use of statistics, a news note entitled, 
“. . More is spent on [legalized] gam- 
bling than education,” which included a 
statement by the “Council for Financial 
Aid to Education” to the effect that 
Americans spend $20 billion a year for 
legalized gambling while only $4.5 bil- 
lion goes for higher education, the $4.5 
representing only half the actual cost, 
the other half being found in various 
ways by the institutions. 

Neither your editor nor the council, 
in their zeal for drama, caught the fal- 
sity of the figures and their statistical 
misuse. 

1) At least 90 percent of legalized 
gambling is on horse racing, on which 
there was a turnover of $1 billion in 
New York and no more than a total of 
$2.5 billion for the whole country. 

2) This money is not all “spent”; 85 
percent goes back to the bettors. Even 
if $4 billion were bet, all but $600 mil- 
lion is retained by the public. Of the 
$600 million, about $350 million goes 
for state taxes, some of which is used 
for higher education. The remaining 
$250 million goes for upkeep of the 
tracks and for salaries and purses, and 
much of it is subject to federal income 
tax, a fraction of which is included in 
university grants. 

Racing is conducted on a nonprofit 
basis at all New York tracks—Dela- 
ware, Aksarben, Fairgrounds, and 
Keeneland. The profits are donated for 
| higher education, research, and civic 


causes. Many more millions are do- 
nated each year for the same purposes 
by the profit-making tracks. Racing and 
breeding provide employment for thou- 
sands who pay taxes to keep the wheels 
turning. 

What did the council mean by “spent” 
money? Did they mean wasted money? 
Does anyone really know about “mon- 
ey”? On any basis, higher education 
does not suffer because of legalized 
gambling. If all money were put into 
education and the mere raising of pota- 
toes (production of essentials), we 
would have the Puritan New England 
of 1750 (and abéut 60 percent of our 
people would be out of work). 

Ordinary gambling needs no justifica- 
tion. Those who live in the world of 
reality realize that it is an established 
human urge and that even a small 
wager provides a bit of romance, how- 
ever fleeting, in the drab life of millions 
of people. 

The majority of the faculty members 


of our universities are well informed, ° 


but all professors are not necessarily 
intellectuals, and all scientists are not 
educated, as was readily admitted in his 
own defense by J. Robert Oppenheimer. 

Fortunately we have only a few who 
deserve to be called eggheads and who 
would have made the mistake on gam- 
bling statistics. However, when they ap- 
pear they are as conspicuous as the rare 
drunken son of a religious leader. 

More and more academicians are in 
the spotlight, and more is expected 
from them than from any other group. 
Scientists, previously silent, are now 
articulate (sometimes vociferous) on 
public matters, and Kennedy has gone 
to the universities for many high-rank- 
ing appointments (and good ones). 

For the sake of the students and of 
the nation, we hope for our educators 
and scientists a complete education in 
the “humanities,” meaning not only the 
proper university disciplines but also 
the humanities of the world at large— 
knowledge of things in general and of 
the facts of life. 

EsLig ASBURY 

902 Carew Tower, Cincinnati, Ohio 


Naming Enzymes 


Enzymes are usually named after 
the substrate used by the investigators 
who first describe them. The name is 
not necessarily stable, because further 
work may show that other substrates 
are attacked. For instance, tyramine 
oxidase is now called monaminoxidase 
because many amines besides tyramine 
are oxidatively deaminated by the en- 
zyme. Such a change in name is desir- 
able, as is any change which defines 
more precisely the activity of the en- 
zyme. 
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the modern slant 


M ORT ON stainless steel 
CULTURE TUBE 
CLOSURE* 


THE PROVEN REPLACEMENT 


corrosion 


“research 


contamination. 


FOR COTTON PLUGS 


Grip culture tubes with patented pressure fingers 
@ Assure reduced evaporation of culture media. 
@ Provide adequate aeration for culture @ Resist 


and retain resilience @ Reliably prevent 
*U.S. Pat. No. 2,287,746 


WRITE TODAY FOR BROCHURE C-3 


deserves, BELLCO GLASS INC. 
+250° JN THE LAB-- 


use TIME TAPE for best results! 


Proven superior by actual use. Here is the 
toughest, most durable pressure-sensitive 
tape available. WRITE ON IT! TYPE ON IT! 
Acid, water, dirt, grease or heat don't 
affect it! Withstands temperatures from 
-+-250° to —70°! A variety of colors avail- 
able in plain or pre-printed to your specs. 
Numbers, identification, warning and many 
other time-saving uses can cut costs and in- 
crease efficiency. 


—70° 


PROFESSIONAL TAPE CO., INC. 


360C€ 


3 MARCH 1961 


For samples and prices 
write to — 


Burlington Ave. Riverside, Ill. 


_— 
TIME 


ISOTOPIC 
TRENDS 


PHOSPHORUS-32 AND SULPHUR-35 
INTERMEDIATES 


VALUABLE REAGENTS FOR 
INDUSTRIAL RESEARCH 


The following intermediates labelled 
with phosphorus-32 will interest 
chemists concerned with the organic 
phosphorus compounds— insecticides, 
plastics additives and solvent 
extraction reagents. 


PHOSPHORUS TRICHLORIDE/P-32 
PHOSPHORUS OXYCHLORIDE/P-32 
PHOSPHORUS PENTASULPHIDE/P-32 


All are in regular production at the 
Radiochemical Centre, available at 
short notice—and relatively 
inexpensive. 


Compounds labelled with sulphur-35 
are important to those concerned with 
research in the pharmaceutical 
industry, with detergents and with oil 
and rubber additives. The wide range 
we can supply from stock or at short 
notice includes: 


ELEMENTARY SULPHUR/S-35 
SULPHUR DIOXIDE/S-35 
HYDROGEN SULPHIDE/S-35 


CONCENTRATED 
SULPHURIC ACID/S-35 


CHLOROSULPHONIC ACID/S-35 
CARBON DISULPHIDE/S-35 


Please write for details. Comprehensive catalogues, including 
more than 500 labelled compounds, are available on application. 


THE RADIOCHEMICAL CENTRE 
AMERSHAM - BUCKINGHAMSHIRE - ENGLAND 
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These considerations are promoted 
by the following case history. Some 
years ago my co-workers and I de- 
scribed and partially purified an enzyme 
found in some plants and animals which 
hydrolyzes hydantoin to hydantoic acid 
[J. Biol. Chem. 163, 683 (1946); 181, 
449 (1949)]. Since no substituted hy- 
dantoins were hydrolized, the name 
hydantoinase seemed appropriate. The 
enzyme is very active but its function 
is not clear, since nobody has been 
able to bring unsubstituted hydantoin 
into any metabolic scheme. This is al- 
ways somewhat frustrating. 

In 1957, Wallach and Grisolia [J. 
Biol. Chem. 226, 277 (1957)] further 


purified the enzyme, which they said 
we called hydantoin peptidase—a name 
we had not thought of. This prepara- 
tion, which was 80-percent pure, hydro- 
lyzed hydropyrimidines as well as 
hydantoin. They rendmed the enzyme 
hydropyrimidine hydrase, and Dixon 
and Webb [Enzymes (Academic Press, 
New York, 1958)] rapidly made a 
further contribution by calling it di- 
hydropyrimidinase. 

The enzyme now has a fespecta- 
bility it did not have as a_ simple 
hydantoinase, since everyone is inter- 
ested in pyrimidines and nobody in 
hydantoin. But, as Wallach and Grisolia 
showed, the turnover number for hy- 


CONVENIENT ¢ VERSATILE | 


_@ Quick disconnect fittings for photom- 
eter hook-up. i 


@ Easily accessible parts. 


@ Thermostatically regulated, 3-channel 
photometer with dual sensitivity. 


@ Provision for changing light filters. 
Complete with 3-point recorder $3868.52 
F.0.B. Richmond, Calif. 


Let us work on your specific - 
lem! Write for illustrated bulletin. 


RSCo 


RECORDING 
FLOW 
PHOTOMETER 


Automates photometric 
analyses using continu- 
ous or intermittent flow. 


* Amino acids analyses using 
ion exchange columns. 


* Analyses of effluents from 
liquid-solid chromatographic 
columns. 


* Process stream analyses. 


DEPT, A 


RESEARCH SPECIALTIES CO. 


200 SOUTH GARRARD BLVD. 


RICHMOND, CALIFORNIA 


dantoin is 27,000; for hydrouracil, 
4300; and for hydrothymine, 420. The 
Kw» for hydantoin is higher than the Kn 
for the pyrimidines, but these values 
have not been used as criteria for nam- 
ing enzymes. 

The question is this: Does one name 
an enzyme after the substrate most 
rapidly attacked, or after the substrate 
of most interest? Apparently the latter. 
One is reminded that some years ago 
certain towns in Russia changed names 
in accordance with the current political 
status of the leaders. Perhaps enzymes 
should be named in accordance with 
the current metabolic status of the sub- 
strates. 

F. BERNHEIM 
Duke University Medical Center, 
Durham, North Carolina 


Advancement of Scientists 


Please accept my resignation from 
the AAAS in protest of your policy, 
which, in my opinion, fails to advance 
science because of your reluctance to 
aggressively push for the advancement 
of scientists. I am not denying that you 
do a good job in disseminating the facts 
of science, and you may even encourage 
a certain amount of research. But the 
fact remains that science will only 
really be advanced when the scientist 
himself has gained greater status, more 
recognition, and more acceptance by 
the average American as someone to 
look up to. The American Medical 
Association has accomplished this for 
physicians in the United States. What 
we need is a comparable association 
that will achieve this for America’s 
Ph.D. scientists. 

Whether or not you like this ap- 
proach, or whether you feel that it 
goes against the grain of your organi- 
zation to compromise the scientific 
ivory-tower tradition, the fact remains 
that the Ph.D. scientist is not generally 
compensated in our culture for the 
sacrifice, effort, and skill that his ex- 
tensive training entails. I don’t like the 
idea of unions being necessary, but 
if it takes a “union” (such as the AMA) 
to get the scientist his due, then any 
organization dedicated to the advance- 
ment of science must transform itself 
into a union. 

My resignation is predicated on the 
fact that I believe that it is a hopeless 
task to try to influence the AAAS in 
regard to its obligation to the scientists. 
This is not the first correspondence I 
have had with your office on this sub- 
ject. Therefore, I feel that I must re- 
sign. As a final request I will ask you 
to print this letter in Science. 

THEODORE C. KAHN 


‘United States Air Force Hospital, 


Wiesbaden, Germany 
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RESPIRATION 
PUMP 


PRODUCES 
ARTIFICIAL 
BREATHING 


laboratory 


VARIABLE use 
VOLUME 
DELIVERY 


A special feature of this pump is that the piston is al- 
ways driven to the top of its chamber—as a result no air is 
left in the chamber at the end of a stroke. Thus volume can 
be varied from zero to 500 cc per stroke while the pump is in 
operation. When the pump has reached its maximum on the 
pressure side, a mechanically operated valve disconnects the 
flow of air to the lungs and exhalation takes place naturally. 
Oxygen or gas mixtures may easily be admitted into the pump 


system. 


No. 70-8791—Pump com- 
plete with motor and _ infi- 
nitely variable drive, giving 
speeds of 0-45 strokes per 
minute. 


No. 70-879—Pump without 
motor and infinitely variable 
drive, but with four driving 
pulleys for variable speeds. 


PHIPPS & BIRD, ine. 


Manufacturers & Distributors of Scientific Equipment 


[Csj* & Byrd Streets - Richmond, Va. 


VARICORD 43 $725 


A versatile Linear-Log 
Servo-Recorder 
for general 


Multi-range, potential and current recorder. 

Choice of per cent transmission or absorbance indication in 
spectrophotometry. 

For gas chromatography hy conductivity or ionization. 

True potentiometric input. 

1 second pen speed —10 millivolt full scale sensitivity. 
Output connector for integrating and telemetering. 


Write for Bulletin #1130 


‘PHOTOVOLT CORP. 


95 MADISON AVENUE @ NEW YORK 16,N. Y. 
Also available: Densitometers = Photometers = Fluorescence Meters m pH Meters 


PERSONNEL PLACEMENT 


CLASSIFIED: Positions Wanted, 25¢ per 
word, minimum charge $4. Use of Box 
Number counts as 10 additional words. 
Payment in advance is required. 


COPY for ads must reach SCIENCE 2 weeks 
before date of issue (Friday of every 
week). 

DISPLAY: Positions Open. Rates listed be- 
low—no charge for Box Number. Rates 
net. No agency commission. No cash 
discount. Minimum ad: 1 inch. Ads over 
1 inch will be billed to the nearest 
quarter inch. Frequency rate will apply to 
only repeat of same ad. No copy 
changes. Payment in advance is required 
except where satisfactory credit has been 
established. 


Single insertion 


$40.00 per inch 
4 times in 1 year 


38.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date of 
issue (Friday of every week). 


Replies to blind ads should be addressed 
as follows: 
Box (give number) 
Science 
1515 Massachusetts Ave., NW 
Washington 5, D.C. 


POSITIONS WANTED 


Biochemist. Academic appointment. Research and 
teaching. Graduate faculty. Publications. Dr. 
. H. Schneider. ger University, Beirut, 
Lebanon. 3/3, 17, ; 4/14, 25; 5/12, 26; 6/9 


Engineer, Ph.D., M.S., 
E.E., desires academic appointment, teaching and 
research, Publications, books. Box 38, SCIEN: ba 


Botanist, Ph.D.; 11 years of university teaching; 
publications virology, photobotany. Desires aca- 
demic teaching-research; West preferred. Box 46. 
SCIENCE, 


POSITIONS "WANTED 


(a) Biochemistry Ph.D., physics minor; highly 
qualified in radioisotope techniques, radiation 
protection, and health physics; experienced in 
teaching, research, and directing radioisotope 
and safety programs; prefers academic, research, 
or administrative appointment. (b) Dairy Tech: 
nology Ph.D., biochemistry minor; available for 
food or dairy product research position. (Please 
write for information regarding these and other 
scientists in all fields; nationwide service.) S3-1 
Medical Bureau, Inc., Science Division, Burneice 
Larson, Chairman, 900 North Michigan Avenue, 
Chicago. x 


Histologist—M.S. anatomy. Histochemistry, cyto- 
photometry, autoradiography, neuropathology, ex- 
perience. Seeks research position. West Coast, 
Colorado. Attending — Federation Meet- 
ings. Box 45, SCIENCE x 


Histologist-Embryologist (Ph.D., 10 years teach- 
ing and_ research), experienced in electron 
microscopy, seeks academic (teaching with re- 
search) post. Will attend Anatomists’ meeting in 
Chicago. Box 30, SCIENCE. 3/3 


Male Plant Physiologist and Plant Geneticist, 
Ph.D., 50, with 10 years of teaching and 15 years 
of research and part-time teaching experience 
desires graduate school deanship or professor- 
ship or research in specialty. Has much experi- 
ence with algae culturing, plant nutrition, and 
radioisotopes. Box 47, SCIENCE. x 


Microbiologist, Ph.D., 14 years of university 
teaching-research; environmental and pathogenic 
(plant, animal) microbiology, immunology; pub- 
lications. Desires academic teaching-research po- 
sition. Box 44, SCIENCE. 3/1 


POSITIONS WANTED 


Science Writer-Editor with public relations ex- 


perience seeks’ challenging work. Box 

SCIENCE. 

BIOLOGISTS 


Teaching fellowships available in 
1961-62 for male college graduates 
in small New England liberal arts 
college for men. Opportunity for 
study; $3600. 


Box 39, SCIENCE 


Physiologist, Ph.D., age 34. Publications in en- 
docrinology, intermediate metabolism. Presently 
on research staff of well-known industrial or- 
ganization. Desires academic or research a 
pointment. Box 43, SCIENCE. 


Predoctoral and Postdoctoral Fellowships in 
Medical Physics. Opportunities to do graduate 
work in the basic medical sciences and in their 
application to clinical problems. Emphasis is 
on the fields of raaiation biology, radiation 
vee, and the clinical use of radioisotopes. 
tudy programs leading to the M.S. and Ph.D. 
degrees and postdoctoral research supported by 
fellowships. Stipends vary with training and de- 
ndents. Write to Chairman, Department of 

adiology, Medical Center, University of Cali- 
fornia, Los Angeles 24. 3/3; 4/7 


POSITIONS OPEN 


ANIMAL PHYSIOLOGIST, _prefer- 
ably mammalian. PLANT PATHO- 
LOGIST, teaching and research. As- 
sistant professors. Ph.D. required for 
both positions. Apply Head, Depart- 
ment of Biology, 

Texas Technological College 


Lubbock, Texas 


3 MARCH 1961 
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OPEN 


POSITIONS OPEN |i 


BIOCHEMIST (Ph.D.) or PHYSIOLOGIST with 
background in intermediary metabolism and en- 
docrinology for group participation in research 
program on mode of hormone action in 750-bed 
hospital located on Indiana University Medical 
Center campus. Active participation in university 
teaching program and opportunity for independent 
research. Salary depending on background. Career 
Civil Service. Write Personnel Officer, Veterans 
Administration Hospital, 1481 West Tenth Street, 
Indianapolis 7, Indiana. 


(a) Biophysics or Physiology Senior Scientist with 
Ph.D., .D., or E.E. degree for analogue and 
digital activities of medical electronics research 
rm; $15, up; Midwest. (b) Veterinary Pa- 
thologist for research and teaching at associate 
professor of professor level at state college; must 
have knowledge of nature and behavior of spon- 
taneous animal diseases; $8000-$11,000; South- 
west. (c) Senior Pharmacologist/Physiologist for 
research in neuropharmacology using electronic 
equipment for psychopharmacologic studies in 
expanding research unit of pharmaceutical firm; 
high salary; Midwest. (d) Embryology Assistant 
Professor to teach science and medical students 
and develop research program at leading univer- 
sity; foreign. (e) Research Director with M.D. or 
Ph.D. in pharmaceutical chemistry or allied field 
able to organize program with liaison duties for 
pharmaceutical firm; $15,000-$18,000; Midwest. 
(f) Immunochemist Ph.D. for medical entomol- 
ogy unit of research institute to study allergic 
response to insect stings, and so forth, and 
supervise section; California. (g) Bacteriologist 
for new fishery research station; Southwest. (h) 
Pharmacology-Physiology Instructor or Assistant 
Professor for teaching with ample research op- 
portunity at medical school; around $8000; South. 
(i) Clinical Scientist qualified in hematology- 
immunology for university hospital; Southwest. 
(j) Chemistry Section Leader to head group for 
chemical analysis of pharmaceutical products of 
active drug firm; $10,000-$13,500; Midwest. (k) 
Biochemist for new metabolic research unit of 
university hospital; Midwest. (1) Biochemist ex- 
perienced in research and isotope work to super- 
vise division of large clinic and hospital with 
ample time for independent research at affili- 
ated medical school; $10,000—$13,000; North- 
west. (m) Health Education Officer to develop 
program, give training courses. consultant ad- 
vice, and travel throughout region; attractive 
compensation and benefits; foreign tropical area. 
(Please write for details; also many other posi- 
tions available throughout nationwide service.) 
S3-1 Medical Bureau, Inc., Science Division, 
Burneice Larson, Chairman, 900 North Michigan 


Avenue, Chicago. THE BEST SOURCE FOR 
MEDICAL-SCIENTIFIC 


CLINICAL RESEARCH 


An ethical pharmaceutical company 
located in the Midwest has an unusual 
opportunity for a scientist trained in 
medicine, pharmacology; physiology or 
biostatistics. Position requires ability 
in the use of scientific methods in con- 
trolled clinical. evaluation of potential 
therapeutic agents. Salary range $10,- 
000 to $22,000 depending on education 
and experience. Liberal benefit pro- 
gram including profit sharing. Replies 
held in strict confidence, should in- 
clude complete résumé of education, 
experience, and previous appointments. 


Box 42, SCIENCE 


EDUCATIONAL PROGRAM FOR 
CAREER RESEARCH IN 
BIO-MEDICAL ENGINEERING: 


Drexel Institute of Technology and the Presby- 
terian Hospital in Philadelphia offer co-ordinated 
programs in Bio-Medical Engineering requiring up 
to two years of study for life and physical sci- 
entists and one year for engineers to a Master of 
Science degree. Preliminary course work in mathe- 
matics, physics, and cireuits prepares life scientists 
for more advanced work in engineering systems, 
data handling and electronics jointly with graduate 
engineers. Courses in anatomy, biology, biophysics 
and medical physics affords the engineer insight 
into biological systems. Team research at the Hos- 


Pre- and 
conform to NIH_ suggested 
extended programs leading to a 
doctorate in a life science are planned in collabo- 
tation with other educational institutions, For in- 
formation: James W. Dow, M.D.; He 

ment of Medical Instrumentation; Drexel 1 
of Technology; 15 North 32nd Street; Philadelphia 
4, Pennsylvania; EVergreen 2-6200, Ext. 497. 


post-doctorate stipends 
ranges, More 


Applications are invited for the position of 
DIRECTOR of the Queensland Institute of 
Medical Research, Brisbane, Australia. The 
duties are (1) to direct research work and con- 
trol research staff of institute, (2) to continue 
to develop the institute on a comprehensive 
research basis, and (3) to plan the permanent 
housing of the institute. To date, research has 
been almost entirely in the field of communicable 
disease. The salary is £4583 per annum. Tenure 
is for 7 years, with eligibility for re-appointment. 
Technical and lay staff, other than term ap- 
pointees, such as the Director, are subject to the 
Public Service Acts, and administration generally 
follows Public Service practice. Appointee will 
be required to commence duty as early as 
possible after 1 August 1961. E 

Applications close on 31 March 1961, with 
First Secretary, Australian Legation to United 
States of America, Washington, D.C., from 
whom intending applicants should obtain appli- 
cation forms and further information. 3/3, 


Experimental Pathologist 


To collaborate in broadly organized re- 
search program on experimental tubercu- 
losis. M.D., D.V.M., or Ph.D with train- 
ing in pathology required. Send résumé to 
Director, The Christ Hospital Institute of 
Medical Research, 2139 Auburn Avenue, 
Cincinnati 19, Ohio. 


Medical Writer-Editor 


Unusual opportunity for scientifically 
trained or experienced medical writer. 
Professional position with Ethical 
Pharmaceutical Division of expanding 
chemical corporation located in New 
York City suburbs. Box 19, SCIENCE. 


PHARMACOLOGIST, ASSISTANT OR AS- 
SOCIATE PROFESSOR. Canadian veterinary 
college requires Ph.D. to assist in graduate 
and undergraduate teaching programs. Excel- 
lent opportunities for research. A curriculum 
vitae and references should be addressed to 
Dr. H. G. Downie, Professor and Head, De- 
pariment of Physiological Sciences, Ontario 
Veterinary College, Guelph, Ontario, Canada. 

3/10 


PHYSICAL SCIENTISTS 
Look for openings at 
MELPAR 
See our advertisement 
on page 610 


Tissue Culture Course 


The annual course in Principles and Techniques 
of Tissue Culture sponsored by the Tissue Culture 
Association will be given at the University of Wis- 
consin, Madison, Wisconsin, 19 June to 14 July 
1961. A limited number of participants (post- 
doctoral research workers and teachers) can be 
admitted. The course will be directed by Dr. JoHN 
Pau of Glasgow University and Dr. WILLIAM G. 
Cooper of the University of Colorado School of 
Medicine. For further information and application 
forms, address Dr. Mary S. Parshley, College of 
Physicians and Surgeons, 630 West 168th Street, 
New York 32, New York. Tuition $100. Deadline 
for application, 15 April 1961. 


VIROLOGISTS 


and 
BACTERIOLOGISTS 


. Pharmaceutical firm in Philadelphia area 
has positions for Ph.D.’s with experience 
to work in Biological Production and 
Development. Please send résumé to Mr. 
G. Earl Vogels, Employment Supervisor. 


MERCK SHARP & DOHME 
Div. of Merck & Co., Inc. 
WEST POINT, PENNA. 


The Market Place 


BOOKS + SERVICES + SUPPLIES + EQUIPMENT 


DISPLAY: Insertions must be at least 1 
inch in depth. Weekly invoices will 
sent on a charge account .basis—pro- 


vided that satisfactory credit is es- 
tablished. 
Single insertion $40.00 per inch 
4 times in 1 year 38.00 per inch 
7 times in 1 year 36.00 per inch 
13 times in 1 year 34.00 per inch 
26 times in 1 year 34.00 per inch 
52 times in 1 year 32.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date of 
issue (Friday of every week). 


ill BOOKS AND MAGAZINES |i 


Your sets and files of 
scientific journals 


are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
edge nr files you are willing to sell at high mar- 
et prices. Write Dept. A3S, CANNER’S, Inc. 
Boston 20, Massachusetts 


WANTED 

Arch. Biochem., any copies; J. Biochem., 
from start to 1945 inclusive; Biochem. J.,: 
vols. 1-64; J. Gen. Physiol., any copies; Am. 
J. Phys., any copies; Biochim et Biophys. 
Acta, any copies; Chem. Abstr., 1940, 1941, 
1942; Nature; J. Org. Chem.; Phys. Org. 
Chem.; Can. J. Biochem. and Physiol.; Can. 
J. Chem.; J. A.M.A.; Genetics. 


Box 48, SCIENCE 
PROFESSIONAL SERVICES _ |i 
LABORATORY SERVICES 


for the FOOD, FEED, DRUG and 
CHEMICAL INDUSTRIES 
Analyses, Biological Evaluation, 
Toxicity Studies, Insecticide Testing 
and Screening, Flavor Evaluation. 


Project Research and Consultation 


WISCONSIN 
ALUMNI 


Write for Price Schedule 
P. O. Box 2217 © Madison 1, Wis, 


Foods, Drugs, Cosmetics, Chemicals, 
Feeds, Packaging—Toxicological 
Mycological and Bacteriological 
investigations 


United States Testing Co., Inc 


415 Park Ave., Hoboken, N. J. 


SUPPLIES AND EQUIPMENT 
¢ HYPOPHYSECTOMIZED RATS 


Shipped to all points via Air Express 
For further information write 


HORMONE ASSAY LABORATORIES, Inc. 
8169 South Spaulding Ave., Chicago 29, Ill. 


YOU NEED THIS FREE 


CATALOG FOR YOUR FILES 


Serums, antiserums and bloods “S&S 
of all kinds for technicians and tissue 
culture laboratories. No salesman will call. 


COLORADO SERUM CO. 
4950 York St.* MAin 3-5373¢ Denver 16, Colo. 


Laboratory Animals 


Pie 
Information sent on request 
H. S. HURLBURT 
Animal Research Center, Bainbridge, N.Y. 


WOrth 7-5415 
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Icro- 


it adds less 


To answer requests for quieter labora- 
By actual measure 


inning hematocrits. 


tory equipment, we have developed the new International Model MB M 


ACOUSTICALLY FILTERED SOUND... 
Capillary Centrifuge for sp 


BOSTON, MASS 


ieving 
1284 SOLDIERS FIELD ROAD 


3B 


BUILDING NO 


INTERNATIONAL (EC) EQUIPMENT CO 
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Easiest way of all 


to make Colony Counts 


Happily for us, many of the instruments we make fall 
into a special, distinguished class ... they perform their 
particular job so well that they have become the “stand- 
ard” instrument of their type. 

The AO Spencer Quebec Dark Field Colony Counter 
belongs to this “special” group. You'll find them as 
standard equipment in bacteriological and pharmaceu- 
tical labs, in research and control labs throughout the 
food processing, dairy and beverage industries, in 
Public Health departments ... wherever bacterial limits 
are used as a criteria in maintaining health or quality 
standards. 


A unique illumination system floods the entire cul- 
ture plate with soft, uniform light. The dark, contrast- 
ing background throws the colonies into bold relief... 
makes even pinpoint colonies easy to distinguish and 
count. And the sharp, controllable magnification reveals 
colony morphology for quick differential counts. 

A Wolfthuegel Guide Plate is supplied as standard... 
counter also accommodates Stewart and Jeffers guide 
plate. 

Complete information on the AO Spencer Dark Field 
Quebec Colony Counter’is yours for the asking. Talk 
to your AO Representative: or write us today. 


Please send me complete information on the AO 
Spencer Quebec. Colony Counter. 


Name 
Address. 
City. 


Zone State __ 


‘ 
| 


/ 
Dept. Q-1 
American ptical | 


